
Sj->>« mil 4 JJj^JI 



ai 



.cviiTlo lliiipllli].cvifill p ilnlll nnlnllniiiniqoll 

^ALUl jJjitaJj fl.u>a£J WULatJt SjbV) 



♦♦. ♦ . ♦♦. ♦♦♦♦♦ 



L^=3_oLL_U 



jJUW 




*tt 



^' 



,,^3^' 



A^ 



jj\ i— . 



y$'&^ 



ft»2j»Jl > UL ^ 







: JLjlj a < d ( se < ,-> a dJI /-Ira JLa^t/s ( <JJUlj <-J-> V jjjO /j£ A^LcaJl a ^M ■ aaJ| a 4 <>JLs~a dJL! JL<uJI 

(JT JLc SjjLltl SjjJlU 4_j_LLajJI j vlj^tl JjjfcQl ( _ 7 l^-ll (—.JjjClIlj (jyi-a-II (ft-iltlLI LaUJI 4 <j 1 1 ,_,♦•■■" 

■ ** ' I j --V 1 * ' l - :e -i-■'- , f*L*J-4 2(l ijt-A /GGa ij^jjul (5a-<-u £- lj.J££t\\ 4-lIqX I a 4_j_Ll!la ^ j « aj II <_ajLiiajl J-*-^ 
0_5jlj-a (jyic. LjjI j JL«Ji*-j (J^al *— 1 "La (j-^J - i '-^d J^ 5 *- 1 L^W^a 4r ' : ' ' *"*" (jr'-" O^jJI I j-* ajLJS (jJtJ (j^ '^4?^ "it I 
(Jjjlj J f ■ — >~T i^jjj-liJI ^JL-alltl a lirr *-3-5 4r L°^ jlj-<a" 1 nVI (J^>-^ (j^ (j^M'J (*^*-^W 7c- 1 "<U d-iLuaj SjJS (jj-^-J 

.Lei ur> LajLfliLI JjaJI <_al_i^ii JLtJ dill 

<La Jl2HU 4_jjajul i__i \L^lj I iL-a (j ^"" 4_uL>ijJ *j La >. p^_jfcl_Ll,l ) *Q Laj a i».n 1 ^»"t <LaL*JI S jljVM ' " ■ La *»■■ JL3a 
rt"l , ,-. , ^.-^ 1 2 fl I ^— 1 ' (J_<jjl!! J)j ■ u ' " ) I J Laj a /y^zal — 1 4luJLjv 4 j alf ' - ■■' * ■•] (3^5 ' '4Hd)^-"' T^'J-H' *'-'- , ^- 
m^j tl (J!laj (_£J.-!I 4 j 1 La a 1 1 4_ji^J,l j_uL*Jtl jljLcJ pat ■"■* ^_ a j La -»• 1 1 <>jufc C-iiTLao JL9a ( 43l_ilLaILa /_ 1 1" t 
(5a-<-u (_p-4-i ^ 1 <a 1 *""*• ' (jL»J J.!^""^ •"■" /.Ir L^-il Li <2_ i_ul_*Jtl JLaIL*3 jj <4_j_unjGJ| ^ali_JI «.l_b *2_ j^ . ..I . ..VI 

1_£Jl1I (jt 1c-«JI *JsljJI <L-a 4_j_a_L*JI ijjjjl Jj^ljSj ^-i^i ,_,'■ j U <_<jjjCj|j ^yLoJI A-jLtlLt 4^al_*_tl 4 ij 1 Ij J-a-*-!l 

j 1^— • < ^jjjJLj ^aLJt_iJ 4-La I ^— » j a a 1 La j ) 4-il j IJ I ^_ (jL^titl i?j.jk t^jJxlj! ij^jjul Jtm CjLiJLLalLa 4 1 a t aj 

j^i , „l , ,.*V 1 cOLiJLLalLa (_jji30 £— 4-jjlsI a j j ^— 1 ij 4 (JjjjuI jj » ■' ' I al , ^."tl 

4^jlL2H1 I CjLii^aJLt 4_uJLa 4_ii23 rt' J< ^-JjjCLi I ^za-pLj ■ u 4_j_ujJllLtl 4_ijJL»JI olXJb (J a I i""a 

^j^. , *-.^-**,tl IjuJ ijaj^UI 1 " ' I j I Q \ I (—11 "'" ^— < I ^^^^^— • (J a I ~" ijajjv di Lc a 1 <-> a^a 

j_c dJUl (jjs (J-aG 4_j_ujJllLtl 4_lx2j»JI <>j.jfc tiJLjLj (j^ » 1 iaj /_ A a ^_ifcl_Lil ) *Q Laj a ^ j -i 1 aaj I 4^aL»JI 2 jl Jil I a 
4 JLx2jl1J I ^a nl-Hj ' 1^ • " '" uj nl 1 a Li 4 4^a j^U I 4jj ai_iiaJ I Cj I j I jt, | jji^i G ^2_ j-ljj Li-a J^-^ ■"■ ) f\ j 1 uj (j 1 (Jjv a 

.CllljL^JLI ijjuk 1— iL ul^al 4-tl»C rfU^JLJ ^pJI Jl ^-^ .^.Vlj '"'I LtjIalltL 4Jl «j 1 nVLj 

(_i_pca » ^-r ii 4_j| :gl <<-> j-ja d_u»»j Li I j ' a ^j-i, t - ;^" ■ "Im LkjIjLcJ /-Ir ^^A^'-^t' (3^3^ (J ^?* ' " ' dJUIa 

.^jJI 



»_&mi jj^Lajj ^ j uaHJ 4_4L«JI isjl_}VI 







.(jlj.31 SJL*. ]2_j iluLj (jr jfc (JJ jJI (_£jJk^M cjI J:.iiUj (jyJLJ.1 j-^ 3 '-" 1 J^ 

J_jJbel]| ,j5 ->L<-oj (StatiCS) jj)^-i i nil aJLl oL , ,iL-uf <_JLii]l <_<jjJi_jj r<i.jJL*3 l^-inh ,nV( 4 nrt-w <-3J-^J 
4^ 1 .'i.W l j i^Lutil S_jl^ljJlj 4_i^.jLiJI JLtS^I -5J-5J .iL^jjj 4_3j^»j3 <(_£j_UI J-AxJ Jio Ja ■ ■< j 1 1 ^ySLfuiVl 
(J I » A « VI 4_<^_i3 jLaoJ ( j Laji ... .'I Z j ^ ^— 1 1 1 aJ_*JI a ^j^ aJI ■ Lse < a ^ ■ uj < ( _Jq_<jjlJI a 2 i_<j^=JI (J-J-a) 4_Laj_<_4_J I 

■ d Uj c ,,! ! LiSLiiVI j^usLuJI 4- ->U^'j 

. (_Ca-SJl 4 1 ■ ^>-»-« _jL»i_)J a j^j^tl J-iLso — 
(jjL^=jJI) oLaLcjJI pl_oJf i^Jtja - 

.Free Body Diagram j^ji ^^>J! ^jj j^; - 

(J^=LJIj 2j_<^=JI J!la 4U^.„ ,tl 4_jjLiuVI j-uaLUjI 2_ S_i1>JjlII ^^Ulj JLtS^I -ij-ij «—ll ma. - 

Truss System J^c,,ti j^ju^J! *u^i 2_ lj^i jji jL«aVi jjjj jL^Ij ^y& J^ - 

jrljjjVlj fi >J! • 




4-J_5^» mil 4 JJjJlII 4_^=JUJLI 

.cviiTlo lliiipllli].cvifill p ilnlll nnlnllniiiinqoll 

gALUl jJ>laJi {U'vya.-J 2UUJI 3>l aVl 



J- 



) 



L&uLu* 



^J^JI L;r l^. 4jr (iL-o^l CjLLjJtJl 



^ 



„^)u 



^^ 



\j( u— 



iV u .t^i— j^ 1 &** 






*3)li*fl 

jLaola ^j" ■ •■ * ]2_ 4_i^=ljj LL_u 2 I (CQ-2JI (J-iJL»«ja CjL^JklLtl /-ic O LiJLj-jJ I i_aJLiie-oa CjL^jscIlU pi OJ^ 4_3s_*j3 

-( £q_2JI /_lc 4 jr iiL-u^I CjLjJLjjl!! 4^s_*^aa 2 I , ^» -»■ t I 

: (JT ic Sjji.2JI tiijJ-J (jj)^-ij Sj^jJI (jj.jfc J-^^~ '" LoJ-Lc 

I g-LU: 4 J r ilL-U^I dl Lu-ft-tJ I (j-uJaJfl ■ " ' I g 3CJ I, , I (Jjl-X i • 

^jJLlI 4 I 1^,-ra jLaoJj ^ "i i ^—\j-a J J SjJLJI (J-iJLao • 

4_u_uL»- 4JT • 
jLs-J^J 4_lJlLaj *j U , ,, a • 

:3jlJ*iluLlial« 

.Vectors ol(j->-"iU L ^- 



g$il\ J.& Amlu if I uLlLu)I 










Vector 4»iii l^jjju 

d_^ILil (J-jILc-! Jj ^— i o 'j i 4_^ILil jljl-oJ, (_ 1 1 ill La 4J9J3 ^Lao 2 1 ■ Lc JJLJ ^ J ■ ■■ 'Jjlr ^ j^" . .. a . La ■■- ) 4^eILil (JIL^-ia 

Coplanar Vectors j^i 3 ^jw* 2_ oi^ui ( \ 




\ (£& 



Colinear Vectors iU-UI (^oAi ^^1^ ol^La ( r 



Fl 



F2 



-*■ 



T jj \ (_u 



Concurrent Vectors j^SfoJI Ik2J ^ 2_ » jl-jIa oL^Lo ( 3 



Jl 




VJi^ 



g$il\ J.& Amlu if I uLlLu)I 












u4-i 




► .* 



F2 



t 1) i ijj 



► _►_►_* A + B = B + A 

.4_jJLjJLu 4 jl nf jjfc (j\ Q sell ^ *-*^- (jl m£^ 



:,_JLi!L^=> ' • ■ """JO 4 Jr ilLxJS 



A.B = A.B.Cos(a) 



.VCCtOr d^elLa O-cu-jJj SCcUcLT 4 j r ,il_^ 4-*^ 9-* ' , ' ) ' a 1 1 ??^l-J (1)1 4 tA -S..M a «^a 



o 




B 



J^-l Mi 



_$$2JI J.& Amlu if I uLlLuJI 










4_iLJ.-re.~Jl -_Sjj_LJ| - \ 

4-AjAsk^i}\ i a M taJI ' *-*->JI ' ; 'I i to. Jjo (1 (&-3j J^-^ •"■ j laJQ v^, J3,A t~jl j^ - "'" <LJ^lj LbjJ (^^a-jJ 

A = Acos(al) + ASin(al) 
B = BCos(a2) + BSin(a2) 
C = CCos(a3) + CSin(a3) 



.(^Vi jj^iij C, B, A oL^fc-ai C& Lj'j>" ^ a3 < a2 ( al jf d^ 

y 



Dy 




\ j\ i r-Aj 



D x = ACoiccl) + B.Cos(tf 2) + C.Cos(tf 3) 
D y = ASiriccl) + B.Sir(a2) + CSin(a3) 



g$il\ J.& Amlu if I uLlLu)I 










: ?e j i gu D 4_iJL*».VI IL^aj>4l jLi ^yJLlILij 



D = ^D 2 X +D 2 



y 



D 




Tan (a) 



a = Tan _1 ( Dy / 



Ox) 



. (jr lfi'i?l jjaXIj ]_) i— ll |ij -a-"i 1. 1 aAjuzjXjH (j\j fl J j i f-i >. U 4-^aljJI (jr jfc 01 jjl >*,. !->. 
.Cj\ mi it, I (j^lc- SjJjJLI (_^2JI (J^lJLsOJ 4_<_dlj_5 (jyic. Jbg"nj ^yjl u.i )%\ f)J <1 l^l'ltlj <— 1 1 mi it, I ijJ^L-d 4_<_dlj_5 (j I 

j LaJLia l^-*-o <?L»ol a 4_ c_i3 d_I VCCtOr 4_^ILa J^— 1 •"' /, '** i ui ' 1 1 ■ L: S jjj|_tl aa-aJI (J-jiL^j ^j ^— ' o i a 
t_g-ij nf (jj ^— u (jl (j ^— i <ij SjJaJI oLsolj .JN (jj^jjJI j^ KlN (jli^-ujjlj^— i lu SjJLJI 4_c-i3 (jojLajj <j_uL3 



^_ ^^-^--o «— ifc I «-^= ^j" 1 ■■ a ^_ >3l— 3 i^.,_ia_) 4 *^3a 01 •— 11 CjI j r 1 I /Vv l,t 3 a *j a LL>Jlj (j! ^'-"m" a_I i 

4 i^-m a j _T X 4_ii3^ 4 ■^-•j a : ' ifi j j ^— 11 a J J a o_2JI <>j_ifc (J—iJLsJi Jj ^a q i I I )La 4 V fi-3 j J^-^ uJl 



g$il\ J.& Amlu if I uLlLu)I 










VJ^=_i 



•.^yJLlIL^ia 4-O^jlIIj ^5'<WI 2 ,^-,j{\ jLsoJ 






FCos(a) 
FSin(a) 



:/_Il1IL^z3 F 4 1 ■ a >. t I S ail I <L«-l3 -»■ ■ i ajfl 



F=JfJ7f* 




: iJU-po A aJSj J^ ,r,tl ^_ 4 m 1 1, 1 il£lj]| (_£^U! ilu^sxua Jl3»jf 

Fl = 25 kN, F2 = 50 kN, F3 = 100 kN 



g$il\ J.& Amlu if I uLlLu)I 










50 kN 



25 kN 



100 kN 




A J^-.,*;, 



Fix = Flcos 45 = 25cos 45 = 17.68 kN 
Fly = Flsin 45 = 25sin 45 = 25 kN 
F2x=- 50cos (60 ) = -25 kN 

F2y = 50sin (60 ) = 43.30 kN 

F3x= 100cos( 30 ) = -86.60 

F3y = 100 sin( 30 ) = - 50 kN 



*jX\ oU^yd (ja^^Ldl oL^V! 2_ L^iV ^UuJL Lr jt F2x, F3x, F3y ^j2i\ l^ tf J^>L 

Rx = Fix + F2x + F3x = 17.68 - 25 -86.60 = - 93.92 kN 
Ry = Fly + F2y + F3y = 17.68 + 43.30 - 50 = 10.98 kN 



' ^sy ' ""' ■**- A ' ' a ** 4 -*^ t .' ' *"*" l? 



g$il\ J.& Amlu if I uLdu)l 






4.UJU A.UAJ 



« = >/ + Ry 



_i , XV 

a = Tan ( 




' L$ L? ' ""' <jTj ** ' ' '"*'** 



iv =A /(-93.92) 2 +(lQ98) 2 =9456 /dV 
^=10^(1098/93.92) = 6.67° 



Graphical Method 2uiLull 22j>WI JUtwb £$21 AA^w dbg I V 

"I (ft-^ J (J^ 3 "J ' ^- L^ ! a 9— * ' 1^~~ ' p^ ^1 ci^ 13 LU Q ^ ' JT ■ (* L - U J p" ' d J '' J ' 11 4_2js_laJI ^_ 

4_iL^Ja (J3 4_^ILil 4_j|jLi (2A- 1 ) ' (_£■-*■ i* ' _j' ' (J J ^"".^3 ' ' ' ' *' * ' "J >J ' J^ " t* ^-^'" ' "'- 1 

.<>L»Ji ^la jljl.2Jtl 4_p.Lj (j-o '"'I gsellqJJ S 1 1 a >. 1 , 1 o-ifc j-t^^l d^ellil 

tJLw 

tj^aj^fcLv^ F2 = 30 kN i^**)! 2j_ui j Fl= 20 kN laSi&l ;j-Hi si ,,-,-** j^f 

.2_uLliJI LfljjJaJI aljLa-'ir fiL "\ f&J3j J^ ^JL 



jJjbII 



F2 = 30 kN 



Fl = 20 kN 



*\ J^-..*;, 



lOkNjiu, 



A-Ljj i ^ al m > aj-jj /j_dl_iJLo /L^JL-mu 













(Ct i " ' d-^Lo a_i_u i_! d_^lil I jijfc ^L^-' (j- ? ■"" KJN (_p-*-i ■ ^* a l d_a-"i a a\ i LaA. am iu U 4 La-5-JU I ^j-d 

J-Lisj (jr jfc ]v (jOj-2-I' 4 1 i^i-fcxi (Jj_^=ljj . ^ * (*-^j J^-i Mitl i2_ (Ja-^- J-* 1 1^~> -5U KJN Sj-2JI jl jJLa 
*--a . ) * J^ tfuJI ]2_ if; " J-* L«-^= 4 I , ^ -w t I (jr lc J Lajaill (jyJlAJI d-jaili! 4_jLjJj (Jj^' <LseIiJU 4_j| jli 

(jjuaj (J I <a «j i ill ^ U\-s..\l a 

^ I S * I , I (J La «j i iiLi ■ ^ " I jajsJLIa 4 I ■ ^>-».t I ^_) e\a i a >■ 1 , 1 AjaljJI (^jjjLjJS ij^ - " ' ' ** t '^~' ' ^"jStl 



o- 



Fl = 20 kN 



Fl = 20 kN 



<*1 = 



20 kN 



) • J^-..*;, 




l = 20kN 



Fl = 20 kN 



'"'I gJeZqJ J; * J ' .' ^-* -iJ-C (ft-t-u j ' cJL-t^aJl ^j-a •»■ ■ ■ ^» i C_pj uj^a (gaiLi! JJLc (jL== I jj 4-JL>. ^_ 4 S^a v 

Particle ni^*J I jjl>3 A f \ 

O SO Ai n-».t I 4_<_dlj_5 JLlC J^— i Mitlj JULj'ifl (JLufcl (j^-n <)J (__£J.-J! fft i n-xtl Jjfc <Li\ rt^J i n-xtl i_aJj_*J (j^-n <)J 
.liius (CQI i "" djlf e vjlil (_£q-2JI (J-^= 4 I ' ■^ > ~- * Cj-iL^= I jj ij'i-j' 4jLv ^_ ^ j ■ ,.~-\\ ji^ajj »jTj " ) '**'*"' 



g$il\ J.& Amlu if I uLlLu)I 













cuMJi L^J v^JliJI JLJ4JI \ Sj_HI ( f l .^At |) v^JliJI jl^lJI ^_ Sj^Jj-o j j <^" i^j-HI jLa <jLp»Vl 
^LUL^ ^j-HI 51 ,^^a uLd. l>^-»<j <^PV z , y, x JJ 1 ^ 1 y ■.»>-» (Fx, Fy, Fz) oL^^a 

F = Fx + Fy + Fz 

Fx = F Cos(a x ) 
Fy = F Cos(a y ) 
Fz = F Cos(az) 



f = ,/f,- 1 + f; + F/ 




n j^^i 



.\ .. 



g$il\ J.& Amlu if I uLlLu)I 









j-U 1 * 



.4_uLl±JI LajjJaJI JLjjlL-uLi ) Y J^ £J| '£_ \'ttt\\ ^j2i\ ZLuasxus Jus»jf . ) 



>V> kN 




<E> 



AOkN> 




1 - kN 

► 



M 



^ kN 



20 kN 



(?) 



\\ J^-.,*;, 



<j-4> ; jj '^ — U 4_jjljJI ji^vjl .LuLxJI Lajj-iaJI JL^jlL .)!_> ^ V J^ iSJI 2_ 4 Mil, I (_^ji]l 4I ,^^-^ jijvji . Y 

• 4 i - J a M La i I ,>! Jl-jr" r .1L1 4_^_p_LJl jj^a JpLao ■ ^aVI jajsJUj 3 1 1 a — I , I 



\0 



• kN/fo 



t« • kN 



\X J^-,, 8 ;, 



)A. kN 



. 4_uLj_ij| 4_2ji_Lij| j>I jLsr" i ,il_) 4_^_pjj| (j^a Jj^"- ' ■ a£i I jaj*lla 4 I . ^> -»■ I I ^^A-i a\a i a >■ I , I 



f*» kN 



*• kN 




£0 U. kN 



U J^iA 



.^ ^. 



g$il\ J.& Amlu if I uLlLu)I 










. ^ o J^lAJI 2_ (>-^o jjfc I -i^— A SUs:t) ^^ic jijj ^js cu>l!j 
.ijLflif iij^ill i^j-SJ' il^sjxji s[a!\ jj^-'j <-^f :> ^ 0^ *£jLP' *-*^ J^j? (i) 



40kNA 




^OkN 



^OkN 



^0 (J^n-i 



-^ Y- 




4-J_5^» mil 4 JJjJlII 4_^=JUJLI 

.cviiTlo lliiipllli].cvifill p ilnlll nnlnllniiiinqoll 

gALUl jJ>Ujj ftuiAil 2UUJI 3>b VI 



LSLuLu, 



^Ijjj^Ij f.j>JI 



! 



Y 



^ 



„^)u 



^^ 



jU\ I— 



iV U ifc^ S^ &** 






J J 3 oJS (JjJLao A j'^ tf~~ 'J yjTj 0-° ^-J-*^ (*■)-£- ' . '"**" tiJjjL^aa 4_LjjLjO <LLa.5_) (J*^- 2oJ3 i*}-' 1 ' . ' ""*~ ^ > * a 

•.^JLc SjJL^JI tiijJ^-I (ja^=J SjLjvaJI <>jufc J 1^-1" La J if 

4 Lm ^ 4-La_a_i (Ja^>- <> a^3 fV) -C ' ' . ' ,|JV - * 

(_£^-2j! (j^a 4-c^jj^o AJ-C- t— il 1 il>. • 

r-ljjj^l AJ-c <— ■ il 1 oa. • 

r-ljjjl Aj-cj »J^ JJ »j^ (JjJLao djiij^-i • 

./100 4 ,,„ n Sjl Ju>JI ojut, jLSjI J I eJLkJI J^ (jt t U^iWl f, IdVl £fyol 

oLtLu/ ° : J*ailJ j!a>m wi^JI 

J^jl 1 "II ^J 1 ^> All £_ ^rn All ( Jji*>-'i 1 4_« i^jLjO a 4_i_i^a-i .aje^lil '"'' " .M ' J|) 5 a ^_ d" 1 nlj-S jim La 4.3 i_*^a 



. ^r . 






LSLuLiu 






( LJ ojv. AJ-*-!' \" ' "**- J i >-U SJa^JLi I a a a 5 i I j [313 i Laja. (jA_! SjJmJLjI 4 fl I ■ " V ' ) X ( a J 5 1 1 4_<^_i3) = a}-*-!' 

Moment = Force x Perpendicular Distance 
M = Fxd 



: u' 



kN.m jl N.m _> ^1% O sur,\\ j_p. F 2^1 ^ _^ M 

.m _! (jojLflja w S-La^ll I a r 1 a aiLi I j [313 eki.i. (jA_! 5j-5M-*JI 3 a I <-al I /_4 Q 

ijLsol (jl ^-i I jj LaJLu (jj ^""'JJ ' ^-^ '"'' VJ' ^ r f— * ij'jJ^ - " <>L><-il (jl ^-i I jj A—p.j^o ij-jJI ajLiJ j)J)*~ '"j 

.i^LcuJI C_)jl_lc (j'jJ-5 (J n^-ir AJ-^-II (j'jJ- 3 




o 




+ 



^ J^-..*;, 



. \t - 






LSLuLiu 






.y j^^iJi ^_ ( j^ a ^ u^, O ausrti j_p- F= 400 N s^iii ^ g3LUi ^l UjS j^. 3 \ 



:J*II 



F = 400 N 



2m 



o 



Y J^-,,*;, 



: L$J' ' "J ^-' ilaiill (J_J^> (\)-*-JI 



Mo = + 400 x 2 = + 800 N.m 



.r ^ j^-wt.ti 2_ iioii F= 250 kN s^su O aus;ti J_p. f >Ji u^> j^j! 



^\ 



10 m / 



250 kN 



Oc 



Mo = -250x10 = -2500 N.m 



.10. 






LSLuLiu 






tTjtx* 



. £ J^ juil 2_ (jA-^° j-* L*^= O 4 ta 5 - II J^>- <*>*-" ^-*^ 4-* 



500 kN 



O 



IJ^-U* (_£j 



Q Ifll LtiU 4-*f3 (jLfl ^LlILjj O 4_La_li!l (JT ic j_$j ejJLlI j-utj ila-k (jf £ J^ <fuJI jjja i la a.^ J 



Mo = 500 x = kN.m 



fi>^Cr*^ ^ 



£$2 4£f4ftA j» J£ Y t Y 
4 Lut ^ 4-LaJL) J 9-^>- (*}-*-'' 4 -*i^ (J ' jTj dv ic ft-a-as-o >-^^ C^ao rq ■ oav. L-<JJLJ ^ ^~ » I J' 

.Sjj^aiLI (_£j-2-JI 

. aIj J^-i Mitl 2_ (j^-JLI ^Lti-*.tl ^yJLl aj^jJLI ^jnlt A ila-lill J^a» (*>*-" *-*^ ^^J^ 



t 



50 kN 



50 kN 1m 

< 



lm 



100 kN 



100 kN 



3 m 



3 m 



I 



2 m 



2m 



-,'■ 



50 kN 

— ► 



o J^=±A 



. U - 






LSLuLiu 







a j 5 1 1 j "' I ~ 't<^ ^^A- 1 ^J-5$-<J-*-!l 3 ' a I ■ " v ' a q-SJ 1 <*-a-^3 <— 1 j <<-» (Cgl i "" A A La a i 11 (l^>- a 9^3 J^"^ 1 A>*-l' 4 -*^9 
.4_cl_<_aJl (— I \ I 5 <~ <t-a (j'jJjJI ^Laol ja^aj LajLLc 4_L3»aJ,l aVjlII a jLiij (j| 4_kajv^La x^a .A J La 5 < 1 1 a 

Ma=- 50x0+100x2- 100x3+50x6- 50x1 = 

+200 - 300 +300 - 50 = +150 kN.m 

Ur ^L L&jJih Ja a* j_cj J^i Mill (j-a (>-«jV| e-3j_LaJI 4_ ^^ (j3-Jlj 50 kN 1 (j"oj^ (ji-l! ej-UI (jl Ji^>Lj 
3 o_Sj I 0Jl-J aJ-jJI 4_«_i3 (j| (jr^ - *^ ' - *- d J """"" i£i ' "" •**■ J * ' J 5 o-SJl ^^A_i 4-Ot) g til 4 fl I ■ ■< 1. 1 /-JQiLia A J La a i 11 

.jot<~\ Mgjl i iM A 4-La^JLll (J^>- 

Varignon's Theorem <j^uj;Lfl "2b>ia3 y,y 

p a_»je.a (Cal i uj \J 4_kaJLi (Ja^s- -T Lo iji c'J^- (J' ^fO - ^ M La ) A_i_dl_i tiJJj.^3 i_3 vjlj) £j ojJjjL^ *» Ji La ) ^j^* " 
^_ d_j_i_djLLjl gj_ll - ■ V ' (J-^- 4- ^ M La Lil olXJt> lXc! i ""' ' Sim ( vJ 4_ka-2-dl ^j u flj (J*4^- aaJLil <>J_a> '"'I '^~ ' ) " (*■$)-£■ 

. 4_iL>.>UI /Jo i a a 1 1 

.1 ^2j J ^-i Mill 4- jjr^a ^a U^ O JUniii j_p. F = 1 00 kN s^iii ^j^ji L^k, jl^jI 



100 kN 



I 



O 



40 m 




1 J'g-. A 







o 



LSLuLiu 







40 m 



V J^r;. 



*_-a 1js»j J V ♦ Lfejlj Sfl 4-jglj J-OJLJ F = 100 kN ej-ltl jLa 1 fiJaj J^=i iSJI 2_ (jA-ya j-A Lo^-i 



Fx = Fcos(30) = 100xcos(30) = 87 kN 
Fy = Fsin(30) = 100xsin(30) = 50 kN 






+ 87x10 = +870 kN.m 

4-cl i ntl c_)jLic *^a (j'jJJ-II (j^? tii-ljj 4-p.j^a ( _ y Jk a}~*-II ajLiJ (jl ilkjv^lj 

- 50x40 = -2000 kN.m 

2c I , „tl i_jjLa£. (jLsol (j n^a£ Q-& ij'jj^"" LM ' ^ ^J 4-JL-u /_* fV}-*-" S jl_«il (jl Jijv^ij 
'. 4jJ ajjjul a <LjLa^ 2 I ^j< "' .' ^~ ' ) ■ ' ( a 23- c - p9- <Jj: ?^ 1 l£ ' "„' ^ J ^ ' cX^** -^ 5 Q-SJ I *)-£- •*• ■ i <a-J Ijl 

Mo = -2000 +870 = -1 130 kN.m 



. S A . 






LSLuLiu 






{1 Jlla 

.(0 a ^2j j^iMiti 4-la^o _^>U^3 A aus;tl j_p. F = 1000 N s_^su ^j^ji L*ji j^jf 



10m 



^m 



Fx=1000Cos(50) 

■► 




) • • • N 



Fy=1000Sm(50) 



(m) 







3 


m 










il 








Vo° 












\ 


in 


m 










i 


A 

r A 











(I) 



AJ^,; 



tjall 



(t_i) A J^-i Mitl 2_ (>-j^a j_ifc Ln^-i Fy 4-J_5j-<mj FX 4 jn'^f ^yGj i^-ij^a J J F Sj_l!l J-jJbelij AJ-aJ 

.A j La 5 i 1 I J aa» ^ ■'-—') a (_j^= i*}-'- ' . "***.' r*$ * 'J 

Fx = Fcos(50) =1000xCos(50) = 642.78 N = LSiVl i^U 
Fy = Fsin(50) = 1 000xSin(50) = 766 N = l^i i^ju 

Mx = +642.78x10 = +6427.8 N.m 

My = +766x3 = +2298 N.m 

Ma = +6427.8 +2298= +8725.8 N.m 



- H - 






LSLuLiu 







Couple £iji3tflp>t,Y 

4-La.aj (_£l (jj^ 3 - /y> ') 9-i >-^^ ^ ?r' 9A3 (J l£' ' ( ~" " l ~ 1 ilojLill cilD £— AJ-*-!' ^jj^-^j lL-p>«j 4 Lut a <LLaJij 
(>-jjo j_a> Lg^-i MO rlj^jVI «_ljLi c-3j_*j j_uLl!l I jufcj r-ljJjSU (>CLlIjJ,l (>.3^1I I ^j" ma 2_ Sj^Ij 




4_j_Ja-«-*Jl ^ a I . ,. 1 1 1 j , ^.", ; ^ ,_jfc <-J-J' dJaJLdl J 43, ^f j j a i I ^aj-C 5- a-a^fc/j (gal 1 «" 77I a_jj 21 1 4_<i_i3 •»■ < 1 ajj 

*• r .' ' ^*» v --^ :> ^ -^ J^~" 'Ml ^_ dr^ J-* La-^=> IV 2 (_£^ (jOj-SJI drv 

Ml = Fxh/2 
M2 = Fxh/2 



&^ f> 



Ml + M2 =F(h/2 + h/2) = Fxh/2 + Fxh/2 = Fxh 



4-a^S (_gjl 1 <h Tr'j-ij^l jl J-S-aj ^jOj-SJ' l£j)"' 1 n a ^_ d_*jslj 4 l^in i ^\ i}_^- (jj-^JJ- 5 ^P^ ^ Pr'jA3 ' (!>' l_£^ 



. Y . . 






LSLuLiu 








M = Fd 






Fa 



0^ 



n J^r;. 



Mo = Fx(d + h) - Fxh 

= Fxd + Fxh -Fxh = Fxd 



a LaJilll <Lfll i n a j^ *_J3j-c-i jJJLJJj Vj G-jO j_4 d_La_2-! ^\ (Jj-^*- TT'JAJ 4_ *f 3 U' (J'—'*' ''-*—* (j-- 7*- 



. L]^>. fO^*-" <— il Ki-v j!j-1! 



_ n . 






LSLuLiu 







:1 JLw 



50 kN 50 kN 



J 



<■ 



1 0m 



\ Y J^n „, 



tj*ll 






c 



50xlO = -500kN.m 



<Lcl i nil <_ijl_lc (j'jjJ (j ii ^-if. j-4 ?:'j-5j^' u'jj- 3 <>L^i' (ji (jljjj mi" ?r'j-5j^' **-*^ *tt 4-*-^ ' "^ *j^-"i 
. ^ V *ij J^-n Mitl 2_ Cj^la j.*.* U^— » IcLuJI (_ijL2^. oL>JI jAr 500 kN ajlaJLa rlj.sjl j»j-*j 



^t J^-.,t, 



500 kN.m 



H^^ 



. YY . 






LSLuLiu 







£lj Jjt fkj^j 3>3 ^11 3>3 J*toiJ . Y 
£— £yCh&\ i ■<" *j £j\ jjj I j j a I «_& Jj 4 La-5JL] I ^_ aj j j 1 1 — r 1 ao aJla A 4 La-5JL] I ^_ 3 jJJ|_LI r 1 ^"j aJI 



C = -Fxd 

«_^a I j i ■< a a 4_jjl OjO aaJLil ^jj ^— i*i i_LwJj»*j ^ J— *•! ** La 5 ) ,JJ LuiiG 4_LaJL) ^^a »ti J-S-i Jj^-^ p I /-JLLlLia 

.(r)^ £ p\) J^-i Mitl ^.T^is jj3 jjfc Ln^-i 7r'j-5jl ,»>£■ 4-sLisJ 




tYjlw 

I 1^— A 4 U*i'tl £_ r-ljjjl j»j-cj UjLc-a Sj_Li B 4 U*i'tl 2_ 2jjjJ,l F = 20 kN ixla^l S^UI Jjl Tiiril 



. rr . 







(0 



LSLuLiu 



p 20 kN 



20 kN 



20 kN 



M 



20 kN 








C = 282.8 



%) 



^0 J^-!,^ 



tJ*J! 

^ Ir SjJLllj B 4 Unitl 2_ S^UI (jf La-ij .(<_)) ^ ° J^-i Mitl 2_ j^A-ijO jjfc U^-» 20 kN L^-Lo SjuaJj J^= 

C = +20xd kN.m 

d = 20xSin(45°) = 20x0.707 = 14. 14 m 

C = +20x14. 14 = +282.8 kN.m 

<2_ 7r'j-5)' i*}-^- 4^1 '<~»j ^--0 A 4 La-S-lJl J J _D 4 LaJilll ^j-a r a a al\ j u\ J (jl ^— ' a j lj ♦" Jj ^— ■ p I /-JLlJLia 
2. 4 tl >J| ~ , ,^-j < (Vn p aj J^ .r.t l ^ j* j a j A I q <^ +282 8 kN.m oj!jL_La A s us:t | 



. Yi - 






LSajLIu 






£_ ^>-j-o j_<k l^^-i F = 50 kN 3j_ui jj-c ^jLlii O iiiiiii jj-3- f»j-«-ii *-*^ ^^j^ ( ^ 




n J^r;. 



. ^ V *J3j J^-i Mitl 2_ £jijjo jjfc U^-i A Stirtitl J^-r ejrtlt a)-«-JI ^-*^ -^j^ (^ 



ro 




F = 100 
kN 



WJ^ 






. Y« . 






LSLuLiu 






20 50 



5 m 



5 m 



J 



•15 m 



I 



O 



, ^ "\ J^ iSJI 2_ (JA-^° J-* L*^= A iliiill J^>- 4_p.jLsJI i_£j-UI {j£L T^I-i-II (*>*-" ^"*i^ J^J^ (i 



A 






20 kN 


\ 


\ 




°m N. 




°m N. 


°m \ 


°m N. 


B 










> 


, 25 kN 


10 kN 



\\ J^-..*;, 



.Y • J^ tfuJt I§_ (j-*-^ J-* L*^= 4_p-jL>JI ^J-SJI (j-^- ?t3lJLl1 J3 ^ La 5 - 1 1 J^>- <*>*-" <*£& JL^jl (o 



100 



200 



•• kN •• kN 



A 



-20 m- 



►H 1 «m ► 



T * ,) ^~n t-U 



. n . 




4^-5^* mil 4 JJjJlII 



d\ 



.cviiTlo lliiipllli].cvifill p ilnlll nnlnllniiiinqoll 



I 






r 



L&uLu* 



(jljJSVl Cj 2_}ULA J j^>Jl ^-(-(jl>J I 



^ 



„^)u 



^^ 



jU\ I— 



iV U ifc^ JJ^- 11 i*** 






freC J-^*-" p ...~wtl p . „j 4 ^^—j <olj_<^=JI 2_ lU*" Lull (oLaLcJlJI) JjL^=>jJI f Ij-Jl 4_3j^a 

.(j!>3V! oVjLlo (j^.u-j jL^Ij body digram 

•.^JLc SjJl.2JI tiijJ^-I jj^JJ ejL3»oJI <>jufc J 1^-1" La J if 

./100 4 ,,,m; Sj! Jl^J! ojut, jLSjI J I eJLkJI J_^ (jl t U^IWI f JdVl £fyol 

oLtLu ^ :J*ailJ jl^iilui^JI 

^T c^^Lv jL^jv. • 

4_u_uL>- 4JT • 

(J ' — .ATI £_ iflj_»J| a |£q_2JI (JaJbelL! i^iJLOj 4-j-i-^-i ^>^»-"Tl Q M 1 <-> Lj>-i I \j 5 a ^_ d*i 1 nlj.3 jin La 4.5 i^jL-a 

.^liUlj jjVl 



. YV . 






LSojLlu 







3UdA4 > t Y 

(j-o ^ ■■■! ■■■'^1 <_3JlJIj .olj_*^=JI ^_ J -i ♦" ■ ■■" (_,J-I1 (jjl_^=jJI jf) oLaLcaJ! q-o pij-jf «JLc tiJLLifc 

/Jl*- OLaLcJul plQ-il (jA-> <A>Aj ' ^^— ' i— 3> t j jl < Jl LaJI /-Ira .(^L-u^l al , UM -*.. a1 < j 1^— • al _5a-«-*JI 

Roller Support UljUllLiUJkJI Y,T 

i— 1JL-30 (j] (j ^—1 <ij j_£ J.JI JJL_*IlII (j-C 5*3LJ (jr JL>.l_J jL^.V tjLz>j-£2 jj (j ^—1 <jj aj— <i^— 1 tl j] rfuL*JI *^a . ) 

JjLLu 2_ _jj_<jIlj jl 2j_*^=JLI •»■ * , „" 4_Ujji,l 4^oLljlJI jLs ^LiILjj 4_p.jL>JI Sjlj-^JI ]2_j_l*IlJI ^-j ■ -^ 

<_,_& tiJJJL^=j (Ax = 0) u-Z&l J-ta _>j LjJ (jjj-Ij iLoLcjJI ^^JLl ^jj-c^l juaJj J_ts _>j L^J 4_UjJll 
(jui_a j_a Ln^-i (A 4 l^initl (Jj-^>- j'jj^-" rV-*-' ^jLS^o LJ (j-"-^ i_$0 -A j_LiiiII (J_a*- (jljjjJLi tc-q 1 ri" 

.1 J^AH^- 



H 




Ay 



Ayf 




^ J^r;. 



Hinge Support WULd^l WUL^ JJI T t T 

(jjjjj (_^Jj_<vC. J_t3 JjJ (jr a^f (_^L3 Jj djIr^i^U 4^aLcJliIj .(DY J^-i Mitl 2_ (JA-1J3 jjfc U^-i A Siaiill 

.(v)^ J^-i Mitl 2_ (jujj3 jjfc Lo^-i (jljjJ-JI fO-*^ ijojL" LJ 



. YA . 







Ax _ 



2 :i 

(0 M 

Fixed or Cantiliver Support ^^l&ljitoLfrlSuLfiJLM t t Y 

1_£_!ij_«-C. J_t^ JjJ (jr -a^f J-t3 _5j : Lr -*J J^-*^ ^jAj 4-jM^ Sjjliil La Lc Jill <jl (_£? .0)3 J^-i Mill 2_ lA^° 

.(^-i)^ J^— i hi 1 1 ]§_ (^r^ j-* La-== A 4 U^itl (J^>- (j'jj-5 fO-^-j 




(l) r -j (S1) 

Equilibrium Conditions j!jjV!J»j>m t Y 

(jLfl /-JLnlLia S 9_3J I jjjLj (jLsol £— dlj-^Ljl\ ^J aLa-j < n d-JL3 La Jsi jjjO Gaj (C, ■ ita> (_£] (j fr==a-j LajLLc 
j^j aJl (j^a 4.C a-aj^/s >j3Lj Coo ja^aj LajLLc f\ ■ ■< >J| (jLk i il I, L== i .(j'VSi aJ^ 4JL>. ^_ ■x • i eaj ^ ■ ■< >J| 
(JiJI SjLjjvaJI 4_JL»Jla .^aj-jula (CaJLJl i_ul_j C.i-^><-> (_£j >j— ydh < 3a-m ^ i ■< >J| (jLfl Aaj-J-JI (j-a iiiMJtxij 
(_gjl i n" (JLtaal -ij-ijj 4_p.jLiJI (_£j_2JI d I im-a (jj)^" 1 " Lo^-ic- 3-A ij'j-3' <LJLv- ^- ^a. i «-**\\ I ^^ ljLD'^J 
LaJ if (jlj_jl 4_JL>. ^_ ^ , ,. ~wtl j«^jj jjjijvl ajLutj . IvA^a (gal i <«" ^aj-jJl ^ I i ea.sc a iiJJj..£=a I j-n*^ 
2— 4^3oLlII Ajjj.-jJIj JL«£l -^J-^J t_$J' ' "" (ft i n-xtl (jyic. SjJJjJLI 4_p.jl_>JI ajj_»JIj ,_£jJLJI pjjjj^a (jj)^~i" 

*\ ■ ■• >JI diLaLcJ 



. YH . 






LSojLlu 









Fl 



F2y 



Fr 



I 1/ 



F2 
F2x 



y 

▲ 



lu 



•F4 



->x 



R2 



F4 - F2x - F3 =0 



2X=o 



Rl + R2 - Fl -F2y = 



2> = o 



.(jljJi^U (jJJ^J (j_^^ J^ ij'j-^' CjVjLjl^j 4-SjI i nil Cj^llII Cj^jLtil <_3j^ljj 



. r . . 







Colinear Forces i^j^^Sjjjiit&aaib'H 

.jljjj JL>-jjV *i~f=<J <*J9j J^ .^.tl 2_ 4-Lij.a i La >■ 1 1 <jai-aj I§_ ajJijJtl (_£^UI 4-ILv. 
JJ <_£jj_j»ilu i_3j_lj ^ i n->.1l jl-2 jl— ca-jJI j^ (Ja_*jJI iJl *L^i^' (J-"^ «|r lAJJ-2-51 <>I-^<jI (jj)^~ l j S-JL>- ^ r 
jLa F2 Sj_l!l (j^aj-j-^it Fl SjJUl ^H-o 4_JLv. £. . jlj-^l aJlX. 4_ILv ]2_ -> ■ i^ajj jl ■ ■■^1 j\ ( JA-*J-I' 

.Fl S_g-5Jt aLaol 2. Ldjja^jj p ,„~wtl 

: LLiJU •»■ 1 1 a ) a (jl IvjI 4jL>- ^_ pe-Lx^a-i ^ . .. — ■ II 

F2-F1=0 
F1=F2 tff 



clajaJ I jniii £- (_£ jl : J^aui 

Concurrent Forces ^uU)i &£ ^ j Sjt^it ^j2ii &b> ( u 

nit I i^— i . i_uLHll 4-LaJL) (jjj-iLi /, If )— *-i (£q aJl >-<3L-3 j L-3 >jj LHJ I SJaJL) ^j "■"' ' ^- aJU-aJj j_£ jJLJI 4-JL>. ^_ 
Ja a\ iTu (jJLao (j^a JL_i 2 (jl )_3l 4_JL>. ^_ ^ ■ ■• >J| •»■ < i taj ■ ^— » 1 4-JLsJI <>j.jfc ArJ - *^ C^^J J^~^ '*"" ^- lA^° 
]§_ (_£j-2JI SJLuajst/sj (_) i^=p-<iJ,l 2 t- X:t| 1<- j_$j SJ^LIJI (_£j-UI j-ulJJ 4 La-aj j^a JLjV t^-Aj (jl^jVI 

.jht<-> (_gjl i rM y j^jx^oj X j^jx^o ijLaol 



. TM . 







LSojLlu 






F3 




F2 



Parallel Forces ^i^Hi i&sti ^b- ( g 

:4_jJLlII 4_J_jL*Jtl J^tlsJ (__ (^o «U^ ^ < .V (<^j J^-^ ioJi ^_ (j^ 9-* 1 1"~~ • j""* t_Co^ ' ""' jTj^ 




S2J 



I jjjo (_£j^ ! V J^— 1 i*;i 



. rr . 







Opposite Couples (•jUttSLtU^lj^UlL^C J 

.A aJsj J^— i i^itl i§_ tj^-LJs j-<»-ik L*^=i (jlj-2l 4-JLv. '2— (jj)^~ i j (ft < <i->tl (jLfl 




+M 



jA i n^-iljLLa JA-»-lj_Jjl '• A J^— I Ml 

Free-Body Diagram jsei I p*al I A t T 

oLaLcjiJI JIjl Ti mlj «U3 M5J1JI <t~M-».tl (j-° p'"7-ll Jj-^- dv° ^^ ^ fft '■"-*.! jljJjVI o^jU^a jL^j"^ 

jtt_<-djJI i^jj 1 in ^^Ljj A_tjjj.j 4_p.jl_»JI (_£j_2Jlj oLaLc.Jl.Jlj ^ 1 11 -«. II (Jljl p 1 11I (j *— 1 <j jj (JuLaal -iJ-ij-J 

j 4_L>.jLiJI ^jj-lll «_jo ^,1 lo^?I Am-*.!! tup 7=-^=jj mJJ-II Free-Body Diagram j^>J I a-^o=1! ^Lij-JI 

.(j-jL^=>j~II jD oLaLcjJI JL*^ ->j->jj fj>*-" 

.(D"\ j»3j j^i.i.ti 2_ iioil AB Sj-o^itj^Jl ^,,1^11 ^j t_jjlim 

tJ*J! 

lj— <j^— ill (j^-iLc 2jJJ|JLI (JLflji.'al 7c_j_LijJJ iij— q^— ijl (Jj-*-^ i^i-^- 1 AlJ a J— ^ *— 1 II j— aJ I ^ 1 u->Jl A_<-djJ 

hinge ^LJ . ^a* ; a le v ^ a A ;us;ti lg_ LaLcjJI jl d^^Lia .JLt^M ijij-i oLaLcjJI Jlj runtj 
4_Hj.i^ i^alc _> ^jt B LoLc jJl ( ^j^. LjJ (j^^lj Ay j_£ jj^c Jjl£i jjj Ax t^ial Jjtki jj LjJ support 
^j^JI (_$!) fkj-j^i l-ojLLa L^J (joijJj By m^jj-*^ J-»a jj Ljjj Cy ^f J»i _>j lyl (joi-ii roller support 

d_jf J^v^LjJ X^)^ J^-i Mitl £. (>-j-o j_ifc AB S j-<i ^-1 1 1 j-^x-! I (0 m-*. II jLs ^LlILij ( (j Ai^. Mgjl uu 



. rr . 






LSojLlu 






:4_iJLlII .-.IjU-^tl pLuLj 
/ t * x — V '■j'< u ^ l£j'- j -^ *¥i'°&\ l?>^" Sli^-tex (I 

Ax = 

*Q ^~ 1 ) ^ "^ tj>3 i " ' A J La a ' 1 1 J aa» ^aVjiJI *» 1 1 ea.se a (i_) 

+100x2 +100x4 -Byx6 = 

+200 +400 - 6By = 

+6By = 600 

By = + 600/6 = + 100 kN 

J-t^J! jj oL»J! jl ^^3 i_^^JLl SjLiVlj +100 kN ^jL^ B LaLuJI jl^ By (^j_^! JaAJ! jjJ! !j! 

.y j x jjUm ^u^ (.,«.«-» (^lcVl Jl yt 

(j_c TtjLtll jaj—sJI jLa ^LlJLij A iLaJiill (jT ic j_cj (c_A J^ ifii j Lajf) A LaLc jJI JlIc JjlAI! _ij (jf Jiuv^lj 

.J-<ll<~> (_gjl I rlj Ay (J-*-iII Jj 

=0 



Ay + By -100 -100=0 
Ay = 200 -By 



: Ay ^jj^jlII Jj«-aii jj 5-*ji ^^Ll j < ^> so (c_i) 2 j; La >■ 1 1 ^a By 

Ay = 200 -100 = +100 kN 



100 kN s-»^Sj (^jiaj^iiLij 



100 kN 



100 kN 



£ 



2m 



D 



2m 



drgz 



2m 



' La ' 1 ■< ' e 



-(f) <V J^i 







LSojLlu 






Ax 



Ay 



100 kN 



100 kN 



D 



j^»J| <^ . .< sell ,_jLj-iJI f\ ■ "j il 



j^aJI >» i n->.tl : (^-l) *\ J^— i mi 



B 



fy 



J A LoLcJlJI JU£. JLtS^I JjJj i^ji Jls»j1j (!) \ ' <^J J^-i Mill 2_ 4 MjU S j-q <=i \ \ j-jJ I Am-*.!! rO-"ijl 

.^IpVI oVjL^ JU^L, B LsLcjdl 



£ 



2m 



100 



100 kN 




2m 






2m 



je 



jjLI C<~»n 4 t-w ( gj "cj <t^-i : (!) 1 * (J^— i mi 



Sj—^^— iJI (j^-iLc- SO&JU (JLflji.'al 7c_j_LijJJ aj n*— ill (Jj-*-J 1*3-2-1 AlJ a J— ^ *— i II j— aJ I ^ft Mi-»tl a_i_ujJ 
^LaLcJ ^^-ifc A ^LaLcjJI (j! Ji^v^-Jj .iLaLcjJI (j^o fj_i J ^=J Jl t'q^M -iJ-ij-J oLaLcJlJI JljLp_i_dlj 

B ^LaLuJi cfj-c l^j ^^j Ay mjj>*^ J^ jjj Ax ^i j^ jj y hinge support ^uL^La 
l^j (joijJj By ^jj-*^ Jj^i jj LjJj Lr a l ] J^s jj L,j (j^ roller support i_iij_La s^sLu ^ 

£— 7c_Lij^a j_& AJj aj <>'-— lit j— >JI ^a i ii -«. II (jLfl ^LlILij < (j_o_ua Mgjl i nj aj-jlII Mj!) aJ_*U 4_^ajlJLa 



. r« . 






4_xl3l 4 •^—'J a (j) \ I J Lii^i f«U ^>-J-5 2-0 *-di'j-^ SJjUI 4_p.jLsJI 2j_UI (j| ' k ^ N JJ -(v 1 ^ * (_N 



+70.7 kN =+100Cos(45) ^Vli^^l 
+70.7 kN =+100Sin(45) : ;u^l i^jj 

Ax +70.7 = ► Ax = - 70.7 kN 

j_ifc <_(^s-jJU aJ-jJI (j| 4 l^^-^La *-j3 / , *" y\ " :j hi^ (_gjl i rM A 4 La-till I (J_^>- ajJ.jlII 4 I tm-a (i_i 

+100x2 + 70.7x4 - Byx6 = 

+200 + 282.8 = 6By 
By = +482.8/6 = + 80.47 kN 



/T V " : (_£l t j fl-^o (Cgl i <n 4-J_5j-<j-*JI ^j-SJUl im-a (77 



Ay + By -100 -70.7 = 

Ay + By = +170.7 

Ay = +170.7 - By = +170.7 - 80.47 = +90.23 kN 

Ay = +90.23 kN -.$* A i*LcjL]i 2_ Ay ^j+*i\ j^i ^pi lii 






LSojLlu 






100 100 kN 



Ax 



50sin(45) 



■*•' 

1 

|Ay 



50cos(45) 45°\t 
> 



2m 



2m 



2m 



1 



IB 

By 



50 



iJj 



.C ikiill 4-jjjj j^j kN 



5 m 




10m 



i*iij : (!)n j^^i 



1000 



tj*ll 



Bx - Ax =0 



. rv . 






LSojLlu 






••y 



=o 



Ay -50 -1000 = 
Ay = + 1050 kN 



(i£.LJI t_ijLiiob-i J t° V^jlO 2j ^ ~~ : ^ ilailJI J^jv (*>*-II oLp' 4_ljsL*_« 

+1000x10 + 50x2 - B x x5 = 

+10000 +100 -5Bx = 

+10100 = 5Bx 

Bx = +10100/5 = +2020 kN 



(V 



'.(jJllIL^a AX 4-<mJ3 ^yic J-ua^J (jJj^M 4-I-iUJtl £_ IjX 4 qjii; (jisjjjLbj 

Bx - Ax = 
Ax = Bx = +2020 kN 

j^»ji ^ LU ->,ti ^j^L^i ^jlJI Ax <>L>Jil (jf (j? ijlj i jijfcj c-^^iLi Ax L ^ % ^\ (JjtAii jj l*_»j3 jf j^^Mj 



2m 



10m 



Ax 



t V 



5 m 



Bx 



'50 kN 



B 



5J 



1000 



j^J! ^,i l? .1l : (c_j) u J^m. 



. rA . 






LSojLlu 









500 kN 



5 m 




500 kN 



5 m 




(!) 



(m) 



.(j!>5V! o^jL^a JU*".m,L» oLaLudl 2_ JUiVl 



(t 



100N l^ON 



! 



2E 



Hb 



6 m 


6 m 


6 m 









(?) Ji^ 



.ri . 



jlpVl uVjLm j j.*JI (tuft)! 









240 N 



HON 



100 N 

•* r 



aa: 



23" 



^ . 



m 



) • 



m 



^ . 



m 



(m) 



240 N 



M = +100kN.m 



K 



~o~b 



>> m 


^ m 


^ m 









p 



%) 



250 kN 



300 kN 




K 



TTT" 



m 


m 


5 m 












. t . . 






LSojLlu 






oLoLcjdl 4- JL*iaVl jjjj L^ jl^-jIj .U^ ^j J^i .ill 4-u^ 1 J^d^j-^ 1 (» l^>JI ^jl ( Y 

.jl^jVI O^jU^a JU^'.iL 



800 kN 



3 m 



3 rr 




Uj^ai 



- t \ - 




4-J_5^» mil 4 JJjJlII 4_^=JUJLI 

.cviiTlo lliiipllli].cvifill p ilnlll nnlnllniiiinqoll 



»3 



1 



L&uLu* 



2Uj..._.tl ,-.lj ^^-tl ,JJL>o 



^ 



„^)u 



^^ 



jU\ I— 



iV U ifc^ JJ^- 11 i*** 







.^j^Jlj ^^Ul (^jS ^yiS^S f^JJ fj^lj 

: (JT ic SjjL^JI tiijJ^J (jj)^~ i J aJ^jJI o'jJk (J^n^-i" LajLLc 

i»-j^>JI jjialjj,! £. AJ.-i-Ilj (_^a2JI i^j^j JLta^l jjjj jL^jJj cjIj-^^-iU ^Liu^l JjLailll J-<m • 

./100 ^ol> Sj! jl^J! ojl* jL23l J I ^JLLJI J^ jl t u^ilall »|jV| ^L*y« 

cjLcL^ ^ 1 : J*ailJ Ji>m wi^JI 

(J i aa flJl ^_ ^aVjul a (_£qJLJ| (JjJbelij i^jJLSj ^ i aa i aajellll di m t <-> Lm-I I jm 5 a ^_ d" i nlj-S jim La 4.5 i^JL-a 

■tPiiiljJjVl 



. tr . 







3>4&t kijjJlJ > t t 
2 a a| 5 a Aj.aj.La a (Cj-iLj » La 5 a 4 a. I ■ ■• a dJ 3 jLc) ■ laia ■ "'I <fa «l j L<a '<" L$->L-> * ■> 1 ^-" ' I ' a M »"' Jj^-^ p I 

: ( _ y ILlj'L==3 (jr-ifcj ^ ra\) J^-i Mitl 2_ 4jaui3jj3 (jr jfc 4JU«"imU olj-a^^-JI 

(f)^ J^^H^-^j^^a U*=, Simple Beam 2lWj3>«S • 
(<_i)^ J^n Mitl 2_ j-^= >° >* L*== Continuous Beam 3>i2tfi*3>i£ • 

O^jUjs aljiitL-dLj JjjfcLsxll Jjv. (3^=3 a J V ^LlILij Sii^ij (>ajj^-if JLtS^M Jjjj JJLc 

(o)) J^=^iJI 2_ ^^a $* U^ Cantiliver Beam 2bd$jLS3>«S • 
(p)) J^i iSJI ^.T^j^ jjfc l_a^ Overhanging Beam (JLwf^ £4 3rijiml3j*S • 

O^jLj-a (JLaJLJ i uLi (Jj-ffcL>JU (Jjv Jj^-^ o i .((Jj-ikL=-o V) JLjl31 _Ja_5 j 4j^liu t a i ^"" 

■u^l 
(^M J^^tl^-^^a^A U^d Built-in Beam ^>U1( Ja ^Ltx« 3>«S • 

.jTwi.1 J)j La ) 4_j1 «j i «z\ (j- JLjV i i La aJ& (jljJjVI Cj^jLj^a aIjls>-''k uLi 

End-supported Cantiliver Beam ^5J>U ^L^J j« ^bd^jLSSji^ * 

(^■)^ J^i.^tl 4-^aj^^ifc La^D 

JjjkL>JLI Jjv (^=a a j V ^yJLlILij Jj>Ij ^j i^-if jjfcj £ (_gjl uu JLtS^I Jjjj JJLc: 

.(C^i>.^ ^jj La ' 4^1 ♦" i nVI (j^a JLiV 1 1 La aJ& {j\\Hz\ i—iZ^ljua ^IjL-a-'n uLi 

. it . 













Compound Beam 44£>«f>4S 

111I12G J ^ i <a^ a ' ^ M La £j£. J laj ■ ■< ) !u^= *-d 4j a nii^ 4_jJq_)L^=3 a j i ^— i (j^. 3 jLlC /_ A a 
V 21 ,^At t l J? , » ^>. 2 /a I ,^l jlj'l SJ.il ♦ a j' a j" £l^3_<m < Toller iJLvJLa jf 4_jLsJ_J 
-5J-5J jLaoLi 7c-o i <h Lava ^iia (_gjl . rM 4 I r^-iiiU (J^s- fO-*-" fj-* :: ?^ J Lr''-^ .J fO - *-" (*J^" 



£ 



Simple Beam 3 Uj , mj 2j-*^= : ( f ) ^ <Ji 



i. 



1 



1 



3£ 



Continuous Beam S^»luu» Sj-a^=> : (c_i)^ J^ A 



3l 



1 



Cantiliver Beam S_JojL^= Ijj^s : (o)^ Ji 



£ 



. to . 







t 



1 



Built-in Beam 






1 



End-supported cantiliver Beam 






° - ji 



Compound Beam composed of cantiliver and simple beam connected by internal hinge 



\ 



1 



u 



<U3~JL4J aI^l&^a JJojumJ ejtt'—i *-a (J_jjL^> £yi 4 t'—i^ys &j <t^~i '• \'S)\ J^-i i"i 

Compound Beam composed of cantiliver and simple beam connected by internal roller 



. it . 
















aj_* 



j^ JjiaJI (jyic. 4-^j^tl jj ii .it dJj (j^-*^ (Jj^ 3 3^ ***' ' '"" (jr-^- J-^3^ L^ 1 -*-" (J-*- 3 "-" J-* a! tVnL) pjj-U (_)-<j->JI 
4-L>LiU ^1 jJI jj^II J-A aI ta^Jb pj_jJtl J-*^xJI (_yi^- Jl^a .(^OY aJ9j J^-i Mill 2_ j>-^o jjfc Lo^-» 4j>1 <»U 



L^-J-o _J-4 L^^—t aj-^*— 1 J I (J^-l^ (jr"- (J-^ 3 "-' ' *-*^ J- L *-^ 



^r^° J-* L^^~ ' vJU-Llo J^— 1 mi (jyic p j j-a (Jju«J I (j^. 



^=LJ 



o 4 m« ^ 4-a.l 1 11 A j\ (Jj-^ (jr^- J^$d tS^*" J-*i 
o 4_Ljjlj3 4-a»l 1 11^ j^ (Jj-^ (j?-^- J-^f J-* 3 * J-*J 



.(?")Y (S^J J^— 1 i"itl 4- (lA-^ 3 J-* 1 <1*~» 4-LjJLd 4 EaJi » 4- j-^ = J- j0 ( a 3- c - (J*~ ' '"' C?-^- (J-* 3 * J-*J 
Lj .tc-JI <ejL*£.^M < olj_<^=JI <oLL^LJI tJajl^aJl J"'* tAlXI j-i*a Ll«J ^j I jJ I jjj^ J-A CujX\ Jt-^ 

. JlJLlII £— L^J JajjJLlI 4_jj_dl_mJl ' " ' I a 1 a I a 1 J 1 1 1 its. jJLaja i ifglXI p aj 



. iV . 












-t 



-ET 



F kN 



y 




i^-j**: (t) 



W kN/m 



XXX. 



i 



*jjjj]| *JaHla (J-4^. : C^) 



W2 kN/m 



Wl kN/m 



***** 



-t 




»jjjll| ^ tVI ; a jag. J^>. : (o) 



X 



W (kN/m) 




i^Jla J^=-<!b (^Ic £j^a J^>. : (^) 












-t 




(kN.m) 



"X 



j^=J^ fj*- '■ <£> 



SjLi ^1 (jj)^— i"j .X JJ^-o J^ y JJ- 1 ^-*^ ( -r'- : *"J^' ijLsoVI *-a (J-<j-»J! tfLaol (jL^= I Jj 4_p.j^a (J-<j-»J! SjLiJ j_l!*3 

oL*JVI (jU== I ij L^j-° (*>*-" jjj^-ijij .y j^ X j^t^JLI c_xj>.^il oL>JI (jn^-ir (_Uv^>JI oL*ol (jU= I ij 4_JLlj 

jljJiVI oVjL^a (3^=*<j v ^~f :> ^ j^*>-" (»i.ii-».t I (a-^uj Julj (jljJiVI o^jL-a JLj^'i.uLi tiiljj JLta^l JjJj -jL*oJ 

:LJLU! 



2£=o 


. A.^> ^ aI . „ . U iSaVI /-jStl Ul ,,-.->- « 


5fc=° 


j a lo (gal 1 ..j 4jJajv*-I' (Cj-SJ' J 1 1 <a-Je^ 


!«=(> 


J<1"^ t_$J' 1 1' 1 -D J^ A 3^ 1^-1^11 (Jj)->- .*_$_)*" *' l«T*-« 



. M - 







Jl_*_u /-J-I' vJ J La 5 ' 1 I (JAjfl) dJaJLi (_£l ^_ a j -i ^— » 1 1 ,j^*^ ' a J La >■ 1 1 <5j_ifc (_)-<J-C. ^j^— 1 ' .X ■ a^ a I jajsJLI 

(j^a s-j-^*- J *— i 1 j— aJI ^a i ri-«.1l a_i_ujj ((l)T J*— i i"iJI <2_ (^A^ J-* L*^= A aj j^-ijJI (j-° X 4-fll mfl 

.(V») r ^J J^M«tl 2_ £r^a ^ U^, OB *>»Jlj AO *>>J0 Sj-o^ll 

:Vx si7i\\ SjJa 

I§_ (jA-^° J-* L*^= A aj_i^=>jJI jjjs X Ifll i,ii« JLjlj (jt 1c *j c-^=JI I§_ 4_jJLsJ jJI ,_ya^JI ajJS (j^-*2 V X 

j;j all Hju^xua t_il_LJi2Kj cdJjj O 4_LiiiII 2_ V X ^^ 5JI SjJs **-*^ - 3 '-^i il)-^ =Lj *d5 -^ (*-^J J-^ 3 -^' 

.(cj)V' (<^j J^— i Mill ^- 4 m i <\ ^jb 4_p.jJLI (j^i^tl SjJs SjLiJj 

:MX *>*]| 2ji> 

^ ■■•-*■ Li L^ J La 5 ' 1 1 (jj-^s- Aj|)-*j' P_9-* :: ?^ J ' . ""*".' '^ A3 ^ J * ' ^r J-*lX a)-*-I' 4 -*^ ' , " • "•*- (j^a-C-i 
.>iu3 (Cal i uj w J La 5 ' 1 1 £— A>*J' J 1 ' *"■"-" (j o^=l3 v^-jaj W-D >->J! (< hl>J| a| AvJ >"<-!' 



. e . . 












JS A [ 



a: 



X 



C 



w 



+ ♦ + +♦+++ 



o 
c 






Ra 



Siesta 4 La-i - uj «j_*^a : (l)Y (J^a-<5) 

Vx A Mx Mx 

n 





UflD 



uaaaa 



Vx 



MYJi 



J. 



+V 



1 




<u^>. a^a (_y^^ * J^ 



+M 




ix3»jja (»3^«Ji a_a3 



(j«^nii ~>_oJ3 2jl_iiJ : (cj)V (J^~i i*i 



T 



B 

Rb 



_ 01 - 












.(f)i ra\) (_J^=lAII 2_ 4 Mill «jq^H C Slaiill 2_ aJjlJIj (j^irttl SjJS 4-*J^ J-^J^ 



10 kN 



5 m 



A £ 



-3 m 



5 m 



C 






j^sj-a (Jjtjs-o SJ j »j&a 4 Iqj i gJ oj i*^— : (T) 4 J^~ - ■"■ 



10 kN 



5 m 



5 m 



C 



3B 



Ra = 5 kN 



Rb = 5 kN 



10 kN 



Mc Mc 



3 m 



Vc 



>J 



5 m 



B 



Ra = 5 kN 



Rb = 5 kN 



j^JI rtLH^tl : (v) 4 J^n.t, 



. «Y . 















: AC 



Ra-Vc=0 Vc = RA = + 5kN 

♦ AC j~>JI p ■ iLaJJ C 4_La-2-Ljl J_^>- a,jj.j(JI pjjj^o i— iL ■<— ^ dUjj (^ ^ La 5 - 1 1 I§_ AJ-^-II **-*^ -^^^I (^ 



£m = o 



Ra.3 - Mc = 



Mc = 5x3 = + 15kN.m 

AU uu Jl u Ij.4&U j»>*Jlj jadll t£>3 ^IftM (*wj 1 , t 

J3l$llljgli21|]3l2j>l»0 

i_j»JI p , ,. ~wtl p . .. j* ^^A^}-^: 3 J-i I l.?^*^^ (lv° 4 'J* a * ' " " /-If a < -i ^— ' i I ^_ c I La fl (J-4-*-! iai *» 5 M La 1 1 <>J_ffc ^_ 
JUtJj tjljJiVI oVjLtx aIjlsc" inL) cdJjj c-l U5tl 2_ (*j_*Jlj ^j^ HI i^J-^) 4_jli>Jjl.!l JLtS^I -5J-5J t_ll ma.j 

.o J^_£JI 4. jjr^o j-& Ui^ R A = R B = +5kN : Cy A Sj^^iU JLjlsVi jjjj jpa ^ ^j Jliil <>a 



10 kN 



5 m 


a 


c 


b 

5 m 










X 


a 

X 


b 











]B 



R A = 5kN R B = 5kN 



. «r . 













(_il_Ljts-j ^Jj-^l ol_j>JiVI I§_ jljJjVI UjU^a JLjjlLljLi g-l U5tl 2_ *j_*Jlj (^j^a-UI ,_£jJ9 4-*-jJ3 jLsoJj 



:cr JLUU^ ^LkUl J_p> f >J! 



5fc=° 



5-V = 

V = 5kN 

5.x-M = 

M = 5x 

aJ^lII 4-cjJ3 (jtII-jJI (Jj^- 3 *-" L^-riJ ^^^-^ SJjLt-a (jrJfcj X 4.^1 LtiU 4-JVjLi (jr jfc ,»j-*-!l 'Li-jJS (j' ' ^ "*" -^ J 

:(0IT1 j • (>u a j j i ,-> -fc^ X i^-jjs) X 5-^9 4_JVjli 






£ 


r 


Y 


\ 


• 


(m) x l^ 


25 


20 


15 


10 





• 


kN.m 



X 




M 



5kN 



a-a ^LLaiu j^>ji ^,, tf? ,M -. i J^-* 



. et . 













I -i^— *j »^=JI 2_ A Sj_i^=>jJ! (j^a X julj (jt Ll r> j 1^ 2Us:t) l y l _i La U-D pLLaJs J-*^ (_,-* 4_uLU! » j ta >. 1 1 

4-«-jJ3 jLaoJj . / aJ3j J^— i mi ! 1 ]§_ (j^-ys J-* L*^=> p I taiiJI I JlJ j-»J! fft mi-*.!! («-^JJ a^j J^— 1 mi! I ]§_ (jA-^° J-* 

D- pi U7>\\ Jj^s» f»j-«-I! t-jl ».u-»>j (jjjj-**-!! oL>JiVI 2_ (jlj^VI iiJjLt^ JUjlLljLi .pLWUI 2_ aj^-JIj jj^S!l mJj^s 



2fc=° 

5-10-V = 

V = -5 kN 



-5 kN ^jL-ujj ) ♦ J! ^a X JLjJLl £_ AjjIj (_yA (_^aiJI Sji 4_*_l3 j| Jajs-^lj 

/ { "" b — V : b-b p_Lk^l! Jj*. ^j>*J! £>*** 

5.x-^.(x-5)-M = 

M = 5x -10.x +50 = 50 - 5.x = 5(10 - x) 

10 kN 



5 m 



x 




5kN 



b-b pJUSHj^JI p,«?\\ : 7 J^im, 

SJVjij j»j-«-!l 4-*jJs ^Ll!! Jjjl»J! lt^jj s^U^ JJjU^a (j^j X ZJa\ u>X\ SJVjli (jr j* f»j-«-ll ^-*^ <jf J^>-M^ 

: ( 1 111 j ( 2rV » jj ' ■""» ~ ! ^ X <Lj-jJs) X <LjjJs 



. as . 












> • 


"\ 


A 


V 


1 





(m) xi^ji 


• 





\ • 


^0 


Y- 


Y0 


kN.m 



X 4^^jl3 4-J V JLi dJJjj ij-jJIj (j^intl SjJS ^ i-a-irt (O-'-uj (j*~ i <) ' ^j-iQJIj (Jj^i ' (Jj^- 3 "-" <lv°J (j«">nll »J^ SJjUL-a (j-o 

10 kN 



+5kN 




Shear Force 
V 



5kN 



Bending 

Moment 

M 










♦.YJLw 

JL*iVl jj^j -sL^jf 

: aj-q^— J I (Jjia t_lj-Li pjj-U (J-*- 3 "-" t_$J' 1 "" pjj-U (J-*- 3 "-" 4 1 i<ir« (jl Ji^v^ij 

P = 5xlO = 50kN 

2— (j\~o^\ 1 uILa iij-^^— 1 tl JL«£l -iJ-^J (jj)^~iJJ ' aj-^^— 1 tl (Jj-Ls < a-L^alLa ^_ J-3L3 pjj-U (J-*- 3 "-" d l i/^itrc 

■lS^ ' (<jLP^' O^jU-a ,3^Ja3) jljLaJLI 

R A = R B = 50/2 = +25 kN 

a-a pLia^Jl 2_ j»j^flj (j^sti (^j^ lijU-a jUoI (y 

rt 1 n->.1l (Si-i-ujJ y (<^J J^— 1 Mitl 12_ (jA-t-° J-4 L«-^=> aj-<i^— 1 tl 2_ A. ajj^-ijJI (j-a X JLjlj (jylc Jl - il pLLa^S J-a-C 

p|_La-5JI 2_ aJ-^-IIj (_>^a-ltl (_^_e3 ^-*j^j iJjU-a jL^jJ .10 ^lj J^ .~.a\ 2_ j>-ijo jjfc 1 0^— pi uati |vj j^sJI 

•.^LltL^s pi U5tl J^jy. aJJlJI <_)LjO*j (JJJj-sjlII oL>JVI 2_ (jlj^VI 4-tjL*-a JU*"'»L> 

X lal LtiU t_j>^ J-^^*-" ^-*^ l^j'- j - u2 &~& p I U St I 2_ X la I mil ^yLi pj^U J-«^*-!l Sli^ia* (jf Sk^^La «-/s 

P = 5.X ;Q ♦ J^^.ji^l) 

.A Svjl^zjj tl ^jjo X/2 <Lfll ■ ■<* /.Ir JL*_u ^ 1 1 <a >■ t I j 

25-5.x-V = 
V = 25 - 5x 

.(10m j-^ 
2^ M a = . a _ a ^.LL^n j^ ^^ji pj^^a 



. «V . 













25 .x - 5x. — - M = 

2 

v 2 

25 x - 5 M =0 

2 

M = 25 x - -x 2 

2 



4_cf9 <_5-JLlJI JjJLaJI CA^J .X la I Ltxtlt 4 i mitLi 4_ulill 4_3.jJl.JI (Jj3 4_J__l___a (jr jk ^j-*-" <>J^ 4_J__L*-a (j| Jijv^lj 
l_j-== *=L. ,j ^" *Q ***' H ' '*' lis a (a^ ' 9 * lA- 1 * JO ' a ~" a X 4_<i_i__) X Ifl I ■ -* V ■ 4-*_l3 4j 2( JLi ij-jJI a .j^»5ll i> ai. (j- J^~ ' 

'^Ir 1 **'* " ' " " (*>*-''_* (_)^3-SJ' » *^ 4_J__L*--s (j^a 



10 


9 


8 


7 


6 





£ 


r 


Y 


\ 


• 


(m) x i*jS 


-25 


-20 


-15 


-10 


-5 





5 


10 


15 


20 


25 


tjr-lp'l 3_J__ 4_4_l£ 

kN 





22.5 


40 


52.5 


60 


62.5 


60 


52.5 


40 


22.5 





kN.m 



X 4_«_ii_ 4j2(JL! L-JJjia ^jjula .j^»5il . ai. /- Lae ia f^-^J ij^~^ ' J 5 JL-aJ I (j-°9 i a 3 - *-'' * 3^3 |J^' «9^ 4j__L*--s (j--s 
!_gj) i^ntl j»j-«-tl 4_*-l3 (jl ^ ^ (»-^J J^-i Mitlj JjJUsJ! <j_o i_____»-,_A-i Lg^-i . \ \ a-3j J^-i Mitl 2_ (^A-ijO j_A U^-i 
^JLc j___ ^a_2JI -j-JS ^ Lse ia J^— 1 1*1 (jjj .j .i lo (_gjl 1 n" (j^i ntl SjJs 4 -*f 3 I g ijLS-j^g X D 111 AJs\ inU <2_ (_,-4 
(_j-4 (_)<*i aJl aj-3 4 -*f 3 U' J^-^-M^ 1—^^-1 .4_jjLlII 4^s.jJlJI ^^a ^ Lse ifl j-& 1*3-*-" (_? '**" ' ^ J^"" 1 '"'J Cr^** J^"" 1 '"' 

^ LO Cv3 ' "-' J la-t ... .11 1 " 1 1 li *, ^— 1 1 1 *§_ 4_2Jj_Lil a ^1 1 aa a 1 ,1 



. ©A . 












A 



***** *TT** 



X 



25 kN 



a 



5kN/m 



************* 



10 m 



a 






25 kN 



»l IVi iu pjj-a (J"* 3 *" '— ■"- 3 *"- 1 ** t^ij uj !)-<^-i t " J^- < mj 











5kN/m 










r^ "" 



























X 



J 



M 



25 kN 



5.x kN 



I x/2 



x 



f. 



M 



25 kN 



a-a^lusitj^Jl^,,,^ : 10j^=ui 



. M . 












5kN/m 



+25 kN 




25 kN 



M max =+62.5 kN.m 



ajjJIj (j^ntl j^jS ( _ 7 JL3ejua : ) \ J * 21 -! A 



. 1. - 













-iO) jLaola a < i" i u-ltl a ^ Laj ... .'I ' " ' ' ) 1 ^~ ' 1 1 (J-jireTu ^j S3 4_jnL»iJ al <* J p Ql ^— •< ' ■ ■ "' •*- ?*_al i_i aJLc ijJI_L<fc 
rfi-^jj olj—a^a-JI (_)-><-! ;*-a!j-i-JI gj flj ^ ♦" i aU (j| (_<-!l Lai] (j ^— i a jj .^j-jJIj (j^iritl (_£_aJ3 ^JLae-La «-i-ujj (Jul^^I 

olj_xa-a ' ■ il laJi 4_i a j a ) (_£J_JI ^ J j 1 aj i I (J-^sJI « a ^ali_i_II ^-jLHj 4 J i\ LS aa aj—jJla ^a_Sj| (CaJs /-— t^e_La 

4 i^i La» .»)_*_! la ^_^a-Sj| i_CaJ3 /— Isc-La ajjijj jjl-x ) JSja 4..C s_i_u ajfc ' " ' ' ) 'I ^~ ' 1 ' (Jjl*^"! <- i i uLaJI ^-ol Ivj al jLsej * nl 
ajLsr" ma jf c_JLLaJI Lajlj ^ ajjj .(_£jJ_jJI J-^>>-!l aljLaiJ ■ "I *_-a 4 jjl 3 a 4 Laj ■ gjj i e 2 j i ^3 1 1 '"■ ''I ^=3 I jj 



aj 1 ^— ■ 1 1 _5l_*_i1 (J-iLa 4_da'2l oLJLj-iJI Jji.JL-j (_£ J.JI a A> d_J1 t^_p~ ptjsLJi-jl j jl-x ) j^jLHi £j£. (JJjj ■ " a py^aLJi_Lll 
4 Uj , ,, ,tl CjIj_c^=JI (JjJLstliJ 4 U j , ,, ,tl ^_a|j_Lj| 4jiLa| (j-«J .T^alJ^jJI (JT lc j_jL^=>j_JI fajj 4_Jj_a^>JI 4_a_jJ3j 

jsLj>oIj aj-aTt-uj-Uj 4U^ ,„,ti ,-Aj o^aJI j-iLsciu j»j-2j i^J-JI Dr. BeamPro g^al jj^ >^=J ** 




D| x| 



D 



^J I 1 j s| m 



7^ 



M 



& 



205.9 kM 



K = 5.Sm v = 18.118 mm M = 65 kN-m V = -186.6 kN 







Sj-a"iLjUj SUjmjtl olj-^^ntl JjLsell Dr. BeamPro ^aL^-JI ^^JLl JLia : ^ Y J^n A 



_ni . 












^ "I c ) < ^ £ ( ^ V aIj J^ ,r,tl 2_ 4 tnU CIjIj q^==JJ aJjlJIj (j^aill (_£jJ3 ( _ 3 _be-La a_ljjIj JLtS'iM -5J-5J ^^-^ 

.YV <YY « «V1 <Y« <n <U « W 
lOkN/m 



f 



i 



3 m 



20 kN 



15 kN 



3 m 



A £ 



5 m 



3 m 



D 






I 



10 kN 5kN 



6 m 



1 



6 m 



1 



12 m 



^ Ji 



10 kN/m 



£2 



3 m C 



5 m 



D 3m 






nj^i 



t 



10 kN/m 



i 3 t I I 



n 



5 m 



5 m 















^ kN 



^0 kN/m 



T 5 m 



X-1L 



5 m 



\A J^A 



20 kN 



2m 



10 kN/m 



2m 



nnra 



2m 



20 kN 



2m 



a: 



B 



C 5 



m 



D 




S\ J^nA 



10 kN/m 



20 



tN 



▼i-L-i lllllllll 



jIT 



5 m 



B 




3 m 



5 kN/m 




YY J^-,A 



. nr . 




4-J_5^» mil 4 JJjJlII 4_^=JUJLI 

.cviiTlo lliiipllli].cvifill p ilnlll nnlnllniiiinqoll 



LSLuLu, 



jijIJjJUj>JI (JjA^ 



1 

»3 



^' 



„^)U 



^^ 



j\ji\ I— 



iV U ifc^ JJ^- 11 i*** 







SjJs J!la ijjj^>J,l 4_jJLs.IjlJI ^jillj JLtfl^l JjJj -iL»oj 4^a^^-.j SU,„,« c9>^ (JLn*" ' "Li ^ U^,, „ ,tl oLi^LjjaJJ 

.jfll <a ■*»' I >^3 Lie *2_ 1 La » 1 £3 i la J • ••' I 
: (JT ic SjjL^JI tiijJ^J (jj)^~ 1 J Sjlj^jJI o'jJk (J-^^~ '" LajLLc 

jj , „ ~w 1 1 j ^LJLI ]2_ 4l<i*"i.iiU oLijJU^aJI 5- IjJI S-Sj^a • 

(jlj ft" ' nVljQ (jljJiVI 4_p.LJ (j^a (j^lc-sJI f-jj JLjJl»iJ • 
j_oJUj>JI j-^Lk: 2_ 4_jLsJ J_!l 4-jj_a^>J,l (_£^l!lj JLtS^I Jjjj -iL»«jlj j^oicjaJJ ^LSuVI Jjlir'itl J-<m • 

./100 i^al> Sj! jl^J! yjjt (jLS3l J I c_JLLJI J^ jl : u^ilall * IdVl tf>u*9 

^_ X_iL^za jJI pi a.) 1 a ^aVjula j^j a] I (JjJbdLi 4JSj.Jt.aj S-t^a-i .ajelill O Lj-ti Lj> J I jm 5 a ^_ d" i nlj-i jin La 4.3 i_*^a 

4-ajLi "II /Jo i a a 1 1 



. 10 . 






jJbt ^ •? 



jaiaitl 




t_)Ja-» i ll I J ''"" x—a 4J i eaj \ I (^jl i ■ V>a) ^ xlaiaJ I v iol it II (j-a S-Cajjj^a ^j-d (ja^=ua ^J^— ■ J A (j-C a jl if (j ai-»j>JI 

i m-a«Jl (J-iLo ' 'I '^ I lxu-O ^jj ^— ■" vj^_i^»j 4 "i '"'J .' ' di^Lj_i^s ajj I al 4 Jali' M-ol i ■' 1 1 «1 fl J 3e l" i I Jj-Ji-Li Jj <~ 

3 jjjJU 4_p» jL»JI 4_Ja-«^»JI (j a_^=aj a JOint flJ <L»-1| A_i_dl_i <_3 i_*3 ^ .0 > loI *h 1 1 r I Sj 11 SJaJLl .7cJ' ' aJLidJ I 9 

. ^ f&JSj J^-l Mill ]2_ (JA-^ J-* L<J-^= JL-2-*JI i|_ «j_^=>J_X3 (jji*J>JI (jyic. 

aal Sj ^j j Lo-se-U 4 Jj ^— » 1 1 *» . J uaLJJul ^j" i ■■ a ^_ (j a_L*jv fC_i_ul_i l2uli .jTV i ■■ a ^_ » a In 1 1 ^j « l^-wll 

S a_3Jl '"■ 'I ^— i I jj . Y jttJa j (_}^3 uJI *§;- ^ < a q A I i^— i ^j-J-JI afll Sj 21 a > ifaJl al daJi ■ V> 1 1 ( jj_ji..Li £y£. 4_Ja_a^»JI 
4_JL*. Ig. j . ^ j ♦ 1 1 ^La 4_j_J1_l^ S_iL»JjlH '"j all '"■'<! ^=i Ijlj J._<i 4_JL*. 3 j .^"»tl ^La 4 j a»j a j ■ a - ♦ I ? 4_ilsJjJI 



I j*' 1^— ■ i ■' 2 JJLa*!! Cj LJn I a -«. 1 1 j j I -«. i a 4_,_uljjL! (*9-2-i i a q ■ ■■ J i a all I jijfe ^_ .0 i i. c V /c.J2 j J^~" ^r 

.(jljjVI o^jU^s JLajO^L tiJJjj statically determinate trusses 




JL*L*JI 2— "aj^^jj* (_£aJ3^-uL3 £i-+,\ qc^^~*\ t^J^cj : \ (Ji 



. 'H . 







jJbt ^ •? 



jaiaitl 



Ugjluo is a-2 jLcu 3 a-S 




J_C4C>» J- J Q «" <■! ) fl (jj^L»^>. (jyl^- (JLj-0 V J ^— I M . 




PRATT 




ENGLISH HOWE 



In'fitniS 2_ <LL$JL±iuJU CjLJj1*j»JI ptjJI o'f**) '• ^ J'^~ l M' 



. tv . 









jaiaaj 





WARREN 



kS - uVl ^_ 4l<>«" r,r,(U CjlJa L» J<Jl f-lj-J V J^* .' * (*Jl3) £ (J^3-u 




PRATT 




BAILEY 



JJ r r( »■ 1 1 2_ SJUjlLcoX! CjLjjl*J»JI f'_jJl (J^1«.< '• J^-l <* 



. ^A - 









jaiaaj 





WARREN 

Determinacy <j$U*Jl£$J JUJbtJj j^Uftll^Ull J)I$UI t,0 

. ^ <£j J^-i Atl 2_ ^jrj^a jjfc L*^=r j^L^=J ^yJLl J_^=lJj_j j_£ jJl J^ajjfc (jr^J-uJ L*J jj^al] joints Jx^LaJU 



(j^j-<^ 



jJjl-^sjJI I2_ JL»iVl -ij-ij -^^ + (*jli.|jJ| (£a-l!l) <jjl*j»J! j_loLJ£. J>JLC = (J^JUj»JI JjjfcLsta JjLC 



r>JI (jLjial) j-uaLk: jjic U : u )\ LJj-aj tiLa 



(J^-* 



tjjU^Ji 2_ joints (J^mi jl) jLi*Ji jjl^ J 

Yf =o Yf =0 . . . . 

.b + r = JjjfcUJ.1 JsJlcj 2J = (J^LjjjsJU ^U^-VI (jlj3VI oVjsIjl* _}Jlc 7t-^aJJ 

.(j al<t->JI 4_JLva (jjl a3 4_3j_*Jt 4^aL*JI SjLcLaJI /_Jli!l (JaJLsJI (j^-JJJ 



- ^ - 










jaiaaj 



jfU*JIAJL- 


ia>uJ1 ji SJL&L2JI 


unstable (jjJLa) jn'^aj^L j^L^xJl 


b + r<2J 


(jf J^j_i «_a statically determinate 1 mj)* 1 -. ><i .vi-s-a jjU-xtl 

( jj^a) j_£Lc^a (j^^J 


b + r = 2J 


mj!) statically indeterminate I « \jj ^^ — > nin»ajif jj U-xtl 
V ^yJLlILij jljJiVI o^jLtx _>j_c j-aj i ^-i\ J-j-*L>J,I jj_c 


b + r)2J 



.(jlj n"n ill jl) (jlj-3l 4-JL>. ^_ j-& j^ala- > JI j^ (j_a i>ij j^ j ^—i <jj V U T 1 — -^ J : Ja^ Mitl j^ dJajv^La *^a 
^_ jr*-J--a q ifr I i ^— i ' ajJI al (J ' — > I A t L 1 ^jvla j-^- ,J^* ' ^ ''"" *--a *» 1 L^alLa jl_i_Lia^ ij^tj jL3 <LaLc «La-L<aja 

(uj)*1 *Jaj J^n Mill 4. o^X\ jjJLs^>JI La-Lu .rigid frame c.l -^j jS" Laa J ^-m<* J-i«j (D~l ro^j J^=lAJI 



jf I i i>.j-a lj} d_j^ tiLI jj nonrigid frame j2Lulo^jx J ^-M^j-iUj (j_l^I_^. jf) jl y>>q *-*_>jl j-o jj^-iUj 
7r i i *aj lL— i^»j j j I <i -» 1 1 J^— i mi o^ i"m J J L^Ai^ <— 3j-"-" (^M (<^J J^~i <"itl ^- j^Lj^til Jj Sji.2jlJI ^_ j-2i3 Sjjs 
al) S JlJLuI (J ts-> aj lL— i^o ((_<-j— L^iS al) j i^aJLg 4^1 <<-»j j ^— » q i j 5j ■ ■■ a j n I a **» 1 1 I J— lb (J-*^>J a < j 5j ■ ■< a j i c 

.l_y 2 JLajul <L-a Jj », i flJLlI j-a > ' ^ '** J] L^ ajLtbtJl «j0 A (J i^a^XI 





(1) 



M 



j_aia^ ji>5( : 1 J^-i m i 



- V. - 










jaiaaj 







tjftfl 

: LbjiJ 7t 1 1 ^ij ^LlILjj 3 t_gjl 1 in f JLtS'^l -5J-5J -5JLCJ *\ (_gjl 1 iM 

b + r = 9 + 3 = 12 
2J = 2x6 = 12 

b + r = 2J :I_LjJ lil 



J = 5 (Jj^sLUI jf) jJLlII jjlc 

b = 6 j^jUj>ji j-uaLi^. jjlc 
r = 3 jl*^m jjjj jjl^ 
b + r = 6 + 3 = 9 :Lujl! j_^j 

2J = 2x5 = 10 

b + r<2J : ,>, 



. v^ . 









jaiaaj 




unstable (jjJLa) j-2!u^aj-iA j^JU^JI 




Section Method » Untl 4-2jj_L j Joints Method jJLlJI 4-2j>Jo tSU^rMtl oLJaJUj>JI J^La^lI (>Cl3j^L i_dl_LA 

Joints Method ( J*aL_4tji ) JL.&I 4-U>_a JUaiwLjj^UaJ! J*biJ ( > 

(jl i___-i_>- aJL__j_!l _L. 2 v3o_LI 4-tli.ljul a 4_t_>» jL_-_M (£a__JI -r j<<->a2 *_a ajL-L-JI (J)-*-! 1*9-2-1 jL__-il d__ji_L_ _L. 
^jJaJI jj____U jljLJLal (__--_. ( _ ? _ik (jj^-^J ^-i^ > "'- 3 L?J-^) lL_Jl--> ji JL__ SJLy. _L. (jj)-~ '" (j_aJU^>JI j___>L___ 

4_JL_v. _L. liUj -=> ( _ ? _ifc j j I <a -». 1 1 _L_ aJLlc J^-- (jLfl jlj-il 4_JL_y. -L. jj^-^J (j_ai*j>JI j1 LaJJ ( (j______JLJ 

^ j I <a a* 1 1 \ i^l if _L. 4 j I a* I Ju I |_Ca__ll jLsoja a JL-l-jI _-l<~ (jlVj^f! Cj 2 _tL__a 3». ~ Cj^~~* * ' L -~i :> ^ 1 U l>*' 

jj_u3 (_» 9' __J d_xa^2l j^j -Jl J I . *-.-»■ a) (jK_j| ^ft_Li_il ♦ a t__]l 'i A* a J ^<~ (J-^ 3 -^- • aJ-JLul « a *» I i a] I , I 

(j^a _5Ji_c. LJ (-J-I! aJL_2jul_i s.JL_Jl_! J a-dl 4__bi__- _L. •»■ i _> L) a ( < a __> tCr ' "„' *J-5Wi!' jTj ikajbaj 

.(JM j^ V ^jL-uj j___)L__JI _>j__. ^f) J2f _af Y ^jUuj JjjfcL>J,l 

:(j aJLa->Jl (_j-il____ JLrWtl 4\_Lji_L_ ^JLa*"i i nl 4_iiLi^= (JSh^ Cr'^' (J^i' 



. VY . 









jaiaaj 



:1 Jllo 

]§_ (jA-^' (j J I <a t< 1 1 j—natlc (j-- j '^ <f (J-^= ^- (*-Jj^>»il i^j-2-IljO S-_il3fc|jJI (_^j_UI 4_ <jjS J-^-j^ 

joints method jl2*ii u^ ^Ijl^i^l. tiiiij <\ ^j j^,';,!! 



,3kN 



15 m 




\ fj-=au!i) 



tJ-Jl 



-o 1 -^ £*• 



4.C.I mtl 



R A .60 - 9x40 - 3x40 - 12x20 = 

Rax60 = 720 

R A = 720/60 = 12 kN 



/ f y " :SjJsj*J! (^j-2JI Sii^ira 



R A +R B -9-3-12 = 
R A +R B = +24 
R B = 24 - R A = 24 - 12 = 12 kN 



. vr . 









jaiaaj 







R A =12kN 

FAEy ^J^i FaEx *±*M £r^i=>a J I F AE Sjl!l J^jl^ pjZ> 

F AEy = 3/5 F AE 4/5 F AE =F AEx 

: jilts* (Cal i »<j A 3 JlSjlJI ^_ 4jJ)a.»tJl (_£jJi]l A 1 < ^i -ca 

Ra + FAEy = 

12 + (3/5)xF AE = 
F AE =-(5/3)xl2 = -20kN 






F A b~ - 



F A b + F AEx - 
F AB + (4/5)xF AE =0 
(4/5)xF AE = -(4/5)x (-20) = +16 kN 



. Vi . 









jaiaaj 






i F 



B 



BE 



F BA = 16 kN 



~r 



BC 



^kN 



F BC -16 = 

Fbc = + 16 kN Tension 

F BE - 9 = 

Fbe = + 9 kN Tension 



2>=o 



2£=° 



E SjJLlM (Jjiso (<- 



3kN 




20 kN 




9kN 



a=° 



. V« . 









jaiaaj 



-9 -3 - (3/5)xF EC + (3/5)x20 = 
(3/5)xF EC = 12 -12 = kN 
F EC =0 

Fef + (4/5) F EC + (4/5)x20 = 
F EF = -(4/5)x20 - (4/5)xF EC = - 16 kN Compression 



'CF 



F CE =0 



r BC < — J^ 



■► F 



" *CD 



12 kN , , 



Fcd - Fbc - 

Fcd = F B c = + 16 kN Tension 



F CF - 12 = 

FcF = +12 Tension 



EF 




\^ «■ ' SjtJi (JjLsJ (ii^ 




JF^O 



a=o 



_r SjuLtll (JjIt** (cj 



FD 



12 kN 



. v\ . 









jaiaaj 




£Fx=0 



(4/5) xF FD + F EF = 

(4/5)xF FD = -F EF = - 16 kN 

F F d = " (5/4)xl6 = - 20 kN Compression 

(j I j U\-s..\l a *_a (j q I <a >■ 1 1 \ i^il ir £y$ J ' ^'"~ J^~ ' ^- 4_ils». I jJ I (Coil I **-*^3 ^ * ^J2 j J^-^ loJI (jA_ua 



3kN 



.-20kN 







1/N 



Section Method jlaill ^Lljia JU&lwLj JiUaJ I JxlaJ ( T 

(j^a (Ja_*j3 -5J-*-i S— ilakljJI j^j aJl y\ ~*\\ J-J>-i LaJL if ja I <a an 1 1 (J—jJbeliJ » La a 1 I *» a Ji La (J I i »" ■ "I (ft^-J 
J ajJI 4_2ji_La (J-^a- Jj-i^JLj a| 4_*ja-l l>_L » LaJLl I 4_2ji_La (J I i »" ■ "I lLLIJ ^— i Jj ^— » q la ■ (j a I <a *»» 1 1 >— usVlc 
JJLc (jl ^— < I jj 4 i^iLk. J SjlII 4_2ji.la *_-a *» \y S a < i *->a<j c- > , nl » La 5 i I aJLjiJ^ i_Lx*3a .ajjl^to i_ual_L»J 

j ' ■ *— a ja 1 o >i J i J-t^a L-t^- 
\ •*«' I < i ■< >J I < i uja jj '<}■*»' I > La l_Lc (j--o J Jl_3txj J JLc ■ Lc )— *-> p I '■^' a (J T" * La-aJ I 4_2ji_La ^_ aILi a 
V (jl uLaj._<i «— a (jlj^Vl oVjU^a JLn'ifiL tiiljj j_aJUj>JI j-usLlc 2_ LiLsJ J_!l (_£^UI jLsoJj pi U5U 

'■ (j 9 ' *3 ** ^ I (J^"*"" 1 ' *_La-2JI 4_2ji_La (JLn*"i i ill 4_j_o_i^=a L^-^ (jH (J'-'-*' 



. vv . 









jaiaaj 




:YJli* 
2_ j>-jJLI jjJUj>JI 2_ CE j EFj BC j._u3l_L«JI 2_ (S_jj^>J,I (_^j_3Jljf) 4_iLkljiJI (_£jl!l 5_*ji J^j' 

.section method ^kiii s^is r !jLki^L> ciiiij <\ ^j j^n^tt 

4_ii^ljJI (_£j-UI jUs^jt -ilj-U j_i^l_L*JI u If (jL=uaVI jJUS j._$J c-l Laja J-*^ f*J **' J-ta-UI 4-2j>k ]§_ 

j_a U^ CE j EFj BC j-uaLuJ! ^^ j_^ a-a £LW5> J-*^ u^qj ^ ^ ^j J^AJI 4- -U^ 1 



,3kN 




n Jg-,A 



j_ifc I <>^-i f-\ V>~n\\ jl i in (_y-^£- (jr J '-^ J-^ 3 * (ft ' " s-J pi tnntl dr*-^ (jy-^ J-- 3 " f° ' ""*• a _ a pLLaJLJI £j£. TzZli^ 

.CE j EFj BC j—uaLuJI 2_ 4_jLs-IjlJI ^j-U! j— »JI p ...-■-< I ty^—sj i \ Y p-Jsj J^ ■'i.tl 2_ (>_•— a 

4_Cjt3 J Lao J a (jl j_3 2( I Cj 2i _jl_*j3 Jj ». P La-tLl I jLculJ al lT*— *-> /, ^ > ~**^' p m->Jl jl_£li.l j ^— » p la 



. VA . 









jaiaaj 



3kN 




12 j^s, 

^ Lillys Fef SjI^IjJI Sj-SJI 4-*ji ->L^;^ tiJJJj 

* J ^ "" l_$ _9 ' "J *-' * J-2ju I J aa» a aj_»J I 4-L-^jai^a ( ) 

2X=o 

-F EF x 15 -12x20=0 

F EF = -240/15 = - 16 kN Compression 

J ^V E e jJLlJI J^jy. f»j-»^l iL^ist* SJjU^a J^.'^'j a-a alUSt) jLjij ^^l^. J.^-!I p ■■■-*■<! jt .■"•>• I (Y 

: ^LUU^ F BC SjB 4^jfl 

lM £ =0 
+12x20 -F BC xl5 = 

F BC = +240/15 = + 16 kN Tension 

t^bJi^FEcSjia 

12-9-3-(3/5)F EC =0 

12-12-(3/5)F EC =0 

F EC =0 



. VH - 









jaiaaj 



•joints jJLlJI 4-2j>^ 




10 kN 



13 J^-. A 



. ^ £ a^j J^-i Mitl 2_ (_jrt_jJH (j^icj>JI jjljJJ 4_!L». JJi* (Y 




14 J^-,A 

da-Ltia j| jui SJLv. '-3 j 1 a - ♦ 1 1 jl^— I jj JJL3.J joints Jl-l*JI 4_2jj_L aljLa-"i nL) 



. A. . 










20 kN ^ 




jaiaaj 



i La ♦ i >> jf jui SJLv. '-3 j ,^;»tl jl^— |jj jjl^j joints juL*JI 5-Sjj-Ls ^IjiidLL^Li 




i La ♦ i a jl jui SJLv. '-3 j ,^;»tl jl^-. Ijj jjl^j joints ji-iL*JI L2j^_L ^Ig-a-", nL 



. A^ . 










15 kN 



jaiaaj 




V 10 kN 



WJ^A 



.joints jJUJI 4-2j^L al jid^Li ^ A <lj J^n <SJI 2_ <>-J.I j^JU^JI j-usLi^. 2_ ^^111 4-*ji ^-j^ ( "^ 



150 Kn 




150 Kn 



^-tj^JiijjJU^J!^ cd, Cd, CD, BC, cC j-^Luji 4-,i>ai i^s jl^jT (V 

j-uaJUJI (jL^= I Jl jj^-j section method * Un\\ 4-2jj_L *Ijlj-" mij ^ *\ «Jsj J^n <SJI 



. AY . 









jaiaaj 



d e g 



40 Kn 40 Kn 



30 Kn 



6x30= 180 m 



40 m 




y • ^ j^-, aji ;g_ (^JLi j^L^JI 2_ CH, CI, BJ j^LuJI^-^^U! u^a jlwji (A 

JaJLJs jf jui 4-!L>- 2_ j i^aJL«JI (jL==> Hit JJLa-j Section method »Urttl 4-2jj_L=> a|jlsi-1miIj 



10 m 



10 kN 



10 kN 



10 kN 



10 kN 




10 kN 



20j^i 



. Ar . 









jaiaaj 



.yi f^j J^ M.ti 4- u^JLi gfrU^Ji 4- AD j DB j^LuJi^-^^U! iu^ jl^j! (^ 



50 kN 



50 kN 




Y^ J^n ,% 



5kN 



20 kN 



12 kN 



.j^U3 ^J 




5kN 



1.6m 



YY Ji 



. At . 




4^-5^* cot! I 4 JJjJlII 



JLI 



■cvinlo lliiiplllij.cvifill pilnlll nnlnllniiiiiiqoll 



1 



1 



L&uLu* 



jL^-VIj JU^VI 



^" 



,,^SL? 



^^ 



jU\ I— 



iV U ifc^ JJ^- 11 S* 4 * 



LSojLlu 4.UJU 




> loI if a aj t~ Via '"'I It ^^— ' II ei. ajjtJIa ( _^a.aj|a Jjja^m ^j^tl £y£. LsoLlII vl ^^VIj Jl » AiVI p | »ji i3j_*-d 

Jl «A*iVI 4_*jS (_ il my Liflj^zaj SJjJtl 4_JL>JI 2_ Jl »a',VIj jL^.^1 ^^rh 1 ^j i^L^JI SJs^L*.!! 4-Sj^a .(j^JU^JI 

.4_p» jLiJI (£a_2Jl >j3L3 Cj^o (j j I (j -» \ I ) ts*i\ 'if al iu^= » La 5 a ^_ vl j^>- 'U 

'■/.If SjJLill tiijui-I jj^aJ ejL3»aJI <>jufc J 1^-1" La J if 

J^JUj>JI j_^l_k:j Sj^c^lj <-,lj ^=lJ| 2_ .sLga-Vlj Jl «A*.VI pljjf 4-2j.jl4 • 

ijjo^m a n-SJI jj£. ^jLlII vl ^ ^Vlj Jl ♦ A»*yl (— iL <<■*- • 

^j^Stl (C«J9 (j-*- 7?-*^-^ vl ^ vVlj Jl ♦ A»VI (— iL «v • 

jL^s-^lj JLlojVI fj 'if- 'in (0-"-UJ * 



./100 4 ,,„; ; 3j! jl>J! e JJt jLSjI Jl ^JLkJI J^ (jt J yjlW! f JdVl ^>u*bfl 

4_i_i.uL>- 4JT • 
*.L__JI -il^-a (_)--l*_J JaJt ilaJlj JliIuJI 4*_)j^>o • 

« il vJI a lL— ILlII J ' — .ATI £_ A', . „lj v Jj , , „ I oa J ^ ' ^ ' ^"""i'' Cjh <<-»LijJI \j 5 a ^_ dG ■ ulj v j .' ' " ' ° "iJjJ"! 

. S1.-2JL' I juk (j-a (VjxjO LiJ I a 



. Ao . 



C,B,A3«u 










a 9-3a ' taj ilaJla t uJl SqJs (j_c *lj1_l!I Ja-j m-Jl si fl3»2l /,-Lc ' " ^' a j ^~*J ' ' *J ' " (Jj-^AJI I J-* 4r •i^3»jL»JI 
J.jjajca JT 1 Ji_ia/ S 9_3J (_pa )-*-& J^— ' ■*"'' mJsji.5 AjtlaJLa JLjJLsJI (^a i u Ja£ '-yJ-' (Jl ^'^""^ .g.1 i-»'< 21 1 a ^ ^> ^ Tl 

j""ij a 4 jl^l-i a j 2 i afll 5-1 ' a a_m I u ila ail (jl_3 _r > ifuJl sjJ jjjLJ C'-» I . 1 (ft^J J^"^ luJ| ^- £j\ i a a-ifc I i^— i 
r 1 S ijjJLI S a_2JI (Cjl i ■■ ' «-LaJLa (_£l ^_ I u-L^a-SJl £. 5L$^- VI 4 — *J^ 03-^ =2 -£3 -^ 4-^- )L»«-!I a 0— 5Jl 4— *-t3 ^j-u-flJ 

JN/mm^ jl JN/ITLZ _J (j-uLaj ( jr -ifcj O j^PW L$JJ **»U ->!-£». }U J^oj_jj < ; m i>iMI » LaJi ft <La»l 1 1) ft rf)j i nn~ 

:4_JLlJI 4-3^L*Jl_! i_«-ut30j 




•u' 



kN/mm2, N/m2, N/mm2 -J ^L^j ...uV.^tl 2_ ^j^l ->L^VI : O 
m2 , cm2, mm2 _> ^Lasj V uv,;;ti ^ki^ i^L^o -.A 



F 



\ j 



F 



1 



^ 




a 



Section a-a- 



C,B,A3«u 










;P = 30 KN ^gjl i nj ^jjjx^o JUi (J^js. j_uG CtxJ (JJLjJLI (Jj3 L. tj ua£ L_Lj^Jl_I 

.3cmx2cm ^Uji J.lLi^ J=^i ^^ >a vj .^sii .us„ ^\ ^\ 



«_o t_u-L^all i2_ ->L^>-^1 4-*^ S- 1 



30 33 



30 33 



(Cjl i ■■" A i Lj-iJa flJI » La.2 a 2 a. I ■ ■■ a 



A = 3x 2 = 6 cm2 = 6xl0~ 4 m2 



: ^jUuj 30 kN juSJi Sji ^£. ^jLiii <,_. u^ati 4- ^l^^m 



A 6xl0" 4 /m2 /mm2 



jO HI U" i uVI 4 j mJ jLfl 4 Y *s_*3j J^-i uJ| ^_ t>-j-o j_ifc Lo^-i AL _J LjJ J-oj^ ((jiiLfl^nJl jO III U" i ill 
: 4_jJLlII 4J3^_*JLi ' ■ ■ ■• ■— "j £ _! LJ j^aj_ja (Jl « AiV I -^ , ,,l < <_3j_«3 i .j .>. Alt , 1.^>V| J j La 1 1 |r (j^iLj^a-! 2 I 




•u 1 



.(J_^3 ^ 



m , cm, mm _> ^1% .^.v^tl aiu-,,,1 AL 
mm, cm, m _j c^^j <.m.v.5U ^^Vl Jji^l L 



. AV . 



C,B,A£d« 




F 



LSLuLiu 



jaitfU 



LO 



F 



AL 



JuSi SjJ2 j_uG Ojo 4 II Laj i aVI : Y J*— * ■*■' 



:YJlia 



30 ^jl i (M Lq L-o-t i?-)rtU ^li^^l JjUtl ( .V aIj J^-i Mitl 2_ j>-1jO Jjfc U^-l JJljUml J^-i ill ^yLl <_< 



OjljlJLa (jiiL^^-i'il Jlijjua. JJ O.M 70 kN L&jljJLa F iUi •>> ejS J^jsiIjj 10 CIT1 ^jl uu jjU<lj CIT1 

■(.Mi-^^tl 2_ ju^vij -jL^VI u^> ^Lu^. u^ui .0.02 cm 



:J*J1 



70 kN 



O 



30 cm 



70 kN 
— E> 



/\ i . i iV.5Tl » La 5 a <L>- 



V J^.1 



A = -D 2 =-(0.1) 2 =7.85x1 0" 3 m 2 
4 4 

cr = - = 7(M ° 3 - = 8.92x1 6 V 2 = 8.92 MiV/ 
A 7.85xl0" 3 /m /m 7 



I ^.'^Stl 2_ (T ^j^aJ.1 .jl.ga.Vl 4-*jJ3 i— ll lu-w ((. 



. AA . 



C,B,A3«u 










F 70X1 °-^ = 8.92xl0 6 N/ = 8.92 MN/ 
A 7.85xl0~ 3 /m / m 1 



(7 = — = 



i u ,>.Stl ^§_ £ Jl ♦ a <VI 4_<i-L3 uLud> (r- 



AL 0.02 xlO 



30 xlO 



0.67 xlO 



Cf^J • -il«-*l! > ifuJl 4_i>j>Ji Jjji-Li (j-C La SjLl vl j^Vlj Jl ♦ AiVIji 2 tl U." , ,,*Vl a Sj_2JI (jA-> £3^t_*JI -iL»-jJ j^— ' 1 ' 

high-strength iLajLHI ^Lc jljjl»JI (jJulX ^ *'N UL>. 2_ JLtiJ^lj jL^^M (j^tli JLi-o *• r<s-3j J^-> uJI 
4_jjjj.l 3 HaJLa 2_ ^ xlaj- Us^Lc ^^fc Jl <n*iVlj jL^.^1 c ja_> 4Ja>L*JI jLs u Wit, I i2_ j._^laj I 1 ^— j .steel 

^■^^i jLtiJVIj jL^Vi (jrj-j i^>L»]i ji (^f 200 N/mm2 jL^^Mj ♦ ^j 1 -^ J U^^' uh sj^.^^U 

J^oLtx < , nL <_3j^tjj SjbtS i-*ji <_,_& S-JjJLI 3 nU'<[\ 2_ Jl «fl*tVI ^ It- _>Lg3»Vl 3 1< uJ j! (_$! Hooke j^JLlt 
*> i«-*.t 4-Jj^nt.l ojUt.1 pjJ ^^J^. jl-*1»j j_ifcj E _i dJ j^oj^j Elastic modulus (Young's modulus) SJj^JU 



3" 

1 





350 
300 

250 


- 


4jj.lU| A&ia 






jUiW|2Jai 


b 


200 
150 








t/5 


100 








H 

on 


50 










>■■? 


0.05 

Strain s 


0.1 

JUittl 



> iSJl sai jjjLJ C'>1 4 aal all /_!Lc JLjJL^tit Jl » AiVI a \\ j^ *l /- lae ifl : 4 J^-^ ■"■ 



. A^ . 



C,B,A3«u 










•.^yJLlJL^i (_» <-o~*±$ E iJj^JLI J^aLta 



E = — 

£ 

a = E.s 



kN/m2 , N/mm2 :^f jL^-^i sjl^j ^^ ^ i:^ j-oU* sj^j 

jf (_^f (S-iiaiv. 4_J3^Lc) i-jj-o 4_J9^Lc. Jl »A'.V)j jL^.^1 (Ja_j 4J3^L*-J' jj^"' Lojij^. i La S 'a iL>JL^s 4-3^L*JI ojufc 
(J^aLi^a (jl 1 (°-^J J^~^ <SJl (J-jO ' La 3>^l J .(JL^a'il dJala ,JJ -ij-*J ' uU-«a.SJl jL^ I u iJa-SJI (j£. a j5tl l_^ju>. I j( 

.(JLtAJ^flj jl^.^! (_g Lse ia (j-a ( jr Laj>JI «j-^=-l-I (j^LjJLI i^j'j (_£-«f E JjjjJLI 



: LbjJ jL^ IjLa 

< '^ i *a.5j| (-lr e >jaJU i La » i *a i I fl| JuiuJI SoJS : JT 1 



l ■ ' i^a ail » La a a j -^-1 ■ ■< ^ : r\ 



i5ll ^kaVl J$WI : L 



•• -L-0 



;l_bjj -»■ j , ^ j'a F juSJI Sj2j_ut3 C'->" c_u^al]| i2_ iL>Jil_Lll 5JI U",.„vi ; AL 




: (.If (J 1 a ■— '< £ 4_«_L3a (T S-o-tflJ .J'VO* 19 







F / 




p = 


<T 


/A 


F.L 


— 




— 




f 


AL/ 
/L 


AL.A 



. 1. . 



C,B,A3«u 














CjJL_30 (jl JJ 4_<jj|_J 4JI toll r .ll 4_I 7r J I ^-|"ij C_t-1 l>lrttl <?J i"i" JJ (_£_J|_J I C-4 4_Jj)^JU Jl-3. ^j-^ J~j ^""^ f J I .">" J 



. <\\ . 



C,B,A3«u 










jljJLI f'^M (jA>« it 5-Jjj-il J-aU-o : ^ JjJ-^ 



(Gpa) E ijjjil j^Luo l*j& 


SjsUI Pjj 


\\ • - n- 


JLjJLjJI 


v<\ - V- 


^^Vi 


)) • - <n 


(jjjL^e-LlI 


u - • ,v 


.'lr.„,}LJI 


n - w 


f, u; , mi !9 "> 2',l , ,^i.t| 


ir - n 


< ,,^11 



Fy ^jUuj yield load pjjL^jJl jdc S^UI 4-*ji CxJl^-i 2 CHI ojUq juji^JI <j^a <, ^j^nl juSJI *-jj^><j 2_ 

4-jl ,,.^'iVi 4 L^j Fmax =150 kN ^jU^ e^L^ <.m ,v.^ti l^JU^; sp ^ ,^fj = 80 kN 

. ^ij J^-n^itl 2_ (jrt-i-o ^b U^ Fb = 70 kN JLk. O^L^ (...u^Stl 











ISO 




Fmax 




W 80 
T3 70 

TO 

o 

h-1 


Fy/ 










/ 




Fb 











Elongation 



SJLtalmVlj JuSJI SjS ^i-rifl ! J^ 1 -. ui 



. HY . 



LSojLlu 4.UJU 




. 1 cm i^jL^ 

\ = -(0.02) 2 = 0.314x1 3 m 2 



: c- j . >. j, 1 1 JJaJL jLLc vl j^V I ^f 3 



F^ 80x10' 10 . W/ 

y y% 0.314xl0~ 3 / m2 



: _>L^.}1J j;j u^2J\ 4_cxUI (Y 



* m = *^= 150XI °\=471^N / 



A, 0.314x10 



-3 /m2 



j I i .1^-1 i V I 4_LaJLi JLlc i Lj-JaJLll »-LaJLa *» a. I "'" 



n 



A = -(0.01) 2 =0.0785xl0~ 3 m 2 
4 



: jl , „^'«SH iU^i j_k: jL^.^1 4-*jJ3 



70X103 892x10^/ 



A 0.0785xl0~ 3 "" /m2 



. ^r . 



C,B,A3«u 










^Jtj lj_ifc (jL3 ((_^a a e «-^) ' u ■ V>£ll » La 5 a «La»l ■■■! 4jjlo-d I u '^- a ^_ If S vj |JLI S Q-SJl ;j J^— '"' LojLLc 

4 V ^jj "I ^j J^n Mitl 4- (jrj-tjo jjfc U^= shear stress <_><a-l!l jL^>»t *jjLj ^-Sj^lj -jL^J -i^-j <Ji 

:2uJbJI La^La-ILi i y*2l\ -jL$a»l Jj-*-a '.• '■■^JJ 




J' 



N/m2, kg/cm2, N/mm2 _> ^1% ^Usu i^m ^ji^ii ^^ui jL^.1 Jju^ ^j> x 

KCj, KIN , JN _J (JojLSjj i_u i>i All itiiia La. I m ^ (jyic SjJJJ-U (j^-i All S^JS jjfc V 

2 2 2 

m , cm , mm _. ^lsjj <, ,u^n\\ ^u;« L>.L^a A 

:(V (ft^J J^-^ *m tajf) Ls^jlILi /—lajLJ 9-ifcj Y j-ajJI i ^j^» Atl S «£ C>-»" (Jl ♦■'" VI <_3>JLja 




U' 



m, Cm, mm _) (J-uLojj l_i-uIaJi]| » Ui Afl <LaJ . ui, 4-jjlj^a (jr-ifcj (j^i^tl Sjls j_uG C'"x> 4JI LalL .iVI : Za_L 

m, cm, mm _> .m^aii ^^Vl j^LaJi L 

.3j.j>.j (JJ^-J J-*9 (j^ All Sjls j_uG Cj^»<-1 (JLj-a-i^l jjfc y 

ijj 1 '1 ifea . JL_<i-JI jji jjjG OaJ (J I « A 1 V I a \l ^^ V I ', je ; ^ d_u5u (J I » A »VIa ^^» All \l j^j <_ i jc i ft (jl 4_k2j>.^Lo *_d 

t^yJlliJL^za LJjjJ.1 Jljjus. 2_ Jl »AWU ^^.Atl _>L^»»I L ^ a £p La^tc 




. Hi . 



C,B,A3«u 










•U' 



o^-ij < sjLJLI pj_j (,» up. ( a I'^j j_ifcj kN/m2, N/mm2 _> jj-uULj ^ si! *_}jj_U j^aL*.* j_4 G 

4_j^JLI J^aLt-a tlajjJJ 4_J3^-C. <jJl_Lifcj . jljJLI p'j-J^ U 1 ^*. 1 ^ G 4_Jj^ajJI J^aLs^a aj2 (j^*; 2 f&J3j JjJLjsJI 



2(1 + y) 



U' 



Poisson's ratio "jj-ul^" JjsU* jjfc V 



jljJLI pl_JJl (j <~» * t < 1 (j^^tl 4-Jj)j^a (JjsLjLja : 2. (JjJLjs. 



(Gpa) G 4Jjjl\ J-aU-a i*jS 


e^UI pjj 


80-75 


JljjL-aJ! 


30- 26 


jyilXVl 


41- 36 


(jajl^e-LlI 



Diagram 1 




10 kN 



10 kN 



side view 

n 



10 kN 



^j n 7} 1 1 S aJ3^_uu CxaO AjjJLfcjj aJLlsj ! "\ J^— 



- H« . 



C,B,A3«u 



LSLuLiu 







Fsinfl , i 



deformation 

\ 




Diagram 2 
axial strain £ = 6/L shear strain 7 = AL /L = tan 7 = 7 



: 4_jJLlI1 4J3^L*JI_i ^ La ♦ jj 4 gl iVtVI jL^-Li _>l_ga»Vl Ijijfc <_3j^ljj Sj_c^=JI «_LaJLa JiJj 




: <J' 



kG.m , N.m , kN.m _> ^Li^ Sj_*^=ji ^ sysjj.1 ^^ui ^ ^suii eUaoVi ^ ^> -.M 

4 4 4 T 

mm , cm , m _j <_>-uL2j$ moment of inertia 4JI LajJI .»j_c. jjfc : 1 

. I g/q «.l_Lao^l jL^-J 1— il Lav jljJLI Itailllj neutal axis ^jLpJI j_p*ll ov ^1 mil <_,-& *.y 



. hi . 



C,B,A3«u 









Diagram 2 






.(*-LCm jf) S_uo/jUjJI Jl^~i &VI (j^^jt ^yjlJJI jj<^»^t ! aj^. 5-<jji A JysJJUj V «J3j JjJl»JI (j^-jjj 



<Lu-uJLLjl (Jl ^—i mi 2 1 (jiaJLx! ( _ y j( JlJI jj i^><in a)-^ * ^j" 1 • ^ (Jj^*^ 3 - 



_bh 3 



y 



12 
12 



J^=uSJ 




**=', 



7TR A 7TD A 



64 




D 



. HV . 



C,B,A£d« 



LSojLui 



jaitfU 



:Jl!U 



A £ 



10 kN 



H 



^ • m 




^ * cm 



cm 



" ^=3-C£J 



:J-J1 



RA = RB = + o kN = j^L^jJi 2_ jUiVi jjjj 
M = 5x5 = 25/ciV.m ^ f >u ^ ^ 



1 = 



b./i 3 5xl0 3 



12 12 



= 0.42xl0 3 cm 4 



iJLL^J! 



f^ 



: 2 j -i ^— 1 1 1 *-LaiLa iaLvj ^jLi^JI joj«JLI £r*-> i^LcuJll 



y = % = — = 5cm 

/2 2 



'.(_$jl i in g.1 i V<VI -jL^-l 



- HA . 



C,B,A£d« 



LSojLui 



jaitfU 




M 25x10 J xlO , „„^ iV ^ n, N 
g = — y = ^x5 = 2976 = 29.76 - 

I 0.42xl0 3 cm 2 mm 2 



<F = 20 kN UjIjlLo jui ^j-pU cu_-»J 2.5 cm ^-Li J^. aJ\ tj:j-Sb<, m ,^ o 
.(^jr^nil 2_ 4JIU-,„VI l^ jl^-ji E = 70 GN/m2 ^jL^ ^j^J.1 j^L^a 

2_ cj^-a >J*> U^ 6 Cm tfj U>(, .j >^ dJ 40 Cm <>j_Liil J^=_AJI ^jJI J *La ^U-ua (Y 

E = 200 GN/m2. 
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Lit>j.iai BC 4_HaJi,ij 50 mm l &j La^a AB 3 au;ti ( P jui jjjs j_uLj c^«j J^ <SJI 
jL^-^Ij^ u^40 Mpa^jUuAB ; sum ig-^j^qi .sL^Viji^ lit .38 mm 
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13.3 ajij n<^ jl-jl j_»3>. a Ac j^j-j 12 mm oj_Laij lm aJ^L jljjljJI ( ^a > : m r>>^ (o 
.(.^Mi^i^tl ig_ ^j^>j,i jujjVIj ^j^jJ.1 ^L^.^1 4-»^i uxto.1 i 0.5 mm jia-i*.! 
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j^t, I o^ q = 6.4 kN/m djuai ^jj^ j_^. ^utj ,.-. v; 3.5 m L^j^i^ ij^= Lujl! (i 
^-tj^^aj^fc u^d (b = 140 mm, h = 240 mm) j^t-v, u^ j-a ij^=A\ ^ll^ 
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3.5 m 
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240 mm 



140 mm 



J^n mi ji LuLi lit q = 60 kN/m dju^i ^jj^ j_*^^utj ..-. v; 2 m l^^j^ Sj-*^ Ll^jlI (v 
.j'^M.ti 2_ j^a ^ u^ (b = 50 mm, h = 1 50 mm) jjtv^a ^> ij^=l\ ^ll^ 

c = 500 mm _> sj^jJi <>i julu ^l B ausni ju^ sL^vi jL^i u^> jl^j! (y 
.JjUXI j^^tl 2_ jjr^o ^ u^-, d = 25 mm Sjo^ti ^21 u \h,«\\ iaUJi <>^j 
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50 mm 



L = 2m 
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J^ri.tl J j t-y, u.jAij^ II ^LL^ ji LuLi lJl.J^-.,'; l tl4- ( jri^9^A U^ = 16 kN 
.j^M.ti^-ur^a^A U^-> (b = 100 mm, h = 250 mm) 

•.LJbJI o^UJI 4- *Li>oiM ->U^V jjr j-^st l S-*j2]I oL* c-j jIUU 

aj-<;^— i II (jjj (JLj-ibl *-£ Sj_^=>j_U 4-!j-<j-»JI j_uG 

.aj_^=>jj,l 4-Ijjj^sJ I j_uG (JJJ^J a j < 1 ^-i 1 1 jjj (Y 

at i^— ' i I (j j 9 4-3 1 La I )L-a aj ^—>s 1 I 4JQ-<jj»J I i_u G (V 

5.5 kN/m3 ^jLg <-,a^ji ^li^ <jf <_P=!>^l £-* 

'"j /|^-. tl ]§_ ^^stl jl^-J J^-*-^ ^-*^ '""*«- 1 
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Areas and Volume 




Ansa- V*ls- a)lt - bUs-l) 
« + b + c 




(•I 




lb) 



CIRCULAR SEGMENT 
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Aru of Conical Surface ■ 

ntn + rt 



Ciphera uwd above bin nor shown on Oiagrarro 

A ■ area V - volufne C ■ circumfaninEs 

■ - 3. HIS N - no. of i.d« 

i - length of jidt r - njd i ua of i mcribitf circle 
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1. Right Angles 



LSLuLiu 



jaitfU 




sin A = — = cos B 

c 

cos A = — = sin B 

c 

O 

tan A = — = cot B 
b 

Q 

sec A = — = cosec B 
b 

Q 

cosec A = — = sec B 
a 

cot A = — = tan B 
a 



2. Derived Relationships 



a = c sin A = c cos B = b tan A = b cot B = V c - b 



b = c cos A = c sin B = a cot A = a tan B = V c - a 



sin A cos B sin B cos A 



i. 



a 2 +b 2 



1 .0 
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3. Oblique Triangles 



a- Sine Law 



b- Cosine Law 



LSLuLiu 




sin A sin B sin C 



a 2 =b 2 +c 2 -2 be cos A 



b 2 =a 2 +c 2 -2accosB 



c 2 =a 2 +b 2 -2abcosC 



4. General Trigonometric Formulas 



jauaAJ 



1 1 / 7 

sm A = 2 sin - A cos - A = VI - cos A = tan A cos A 

2 2 



9 1 9 1 

cos A = 2 cos z - A - 1 = 1 - sm z - A 



,2l 



cosA= cos -A- sin 

2 2 



2 -A = Vl-sin 2 A 



. sin A sin 2A l~ 2 * -, 

tanA= = = Vsec A-l 



cos A l + cos2A 



a- Addition and Subtraction Identities 
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sin (A + B) = sin A . cos B + sin B . cos A 
cos (A + B) = cos A . cos B + sin A . sin B 
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tan(A±B) = 



tan A + tan B 
1 + tan A . tan B 



sin A + sin B = 2sin-(A + B).sin-(A-B) 

2 2 



sinA-sinB = 2cos-(A + B).sin-(A-B) 

2 2 



cos A + cos B = 2cos-(A + B).cos-(A-B) 

2 2 



cosA-cosB = 2sin-(A + B).sin-(A-B) 

2 2 



b- double-Angle Identities 



sin 2A = 2 sin A . cos A 



cos 2A = cos 2 A - sin 2 A = 1-2 sin 2 A = 2 cos 2 A - 1 



tan2A = 



2 tan A 
1- tan 2 A 



c- Half-Angle Identities 



.A 1-cosA 
sin — = 

2 V 2 
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cos 



A 
tan — = 
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1 + cosA 
I 2 

sin A 
1 + cosA 
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Method 
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^y Varignon's Theorem j^uj;li 2u>£J T,Y 
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Y * £ ( J J J ( fO^i *>>& ^11 3>fl J^LbsJ o . t 
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t A Hinge Support XiL»aa*LfiJLMr t r 
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Y 1 Fixed or Cantiliver Support 2u}>>l&l ji totfll SuLfijUl t, Y 

Y ^ Equilibrium Conditions jljjVli*^ o t Y 

m ^^unrf^(4tt*^3Jl^tiiUL*il 4lUt}l i,t 

rs 03l^iJ^.LyiuVL6lljfl*JV t Y 

Free-Body Diagram jjBll(Vt»*JI A f Y 
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^ Determinacyj^l^ I ^JiJJbtjj ^^Ufcll^ljjI^LJ!- Y 

VY aWJIuLJ^Uft}|JddM- t,o 

v * Joints Method ( JmQII ji ) IiaJi ^2j>I» ( ^ 

vv Section Method gtfli;tij>b (Y 
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